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Geometry
Bond lengths and angles

Electrostatics
Position and magnitude
of dipoles, quadrupoles
and partial charges

Dispersion and repulsion
Parameters of 
Lennard-Jones potentials 

Numerous parameters

Molecular modeling: Force fields
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Modeling of hydrogen bonding fluids: Ammonia
Vapor-liquid equilibrium Supercritical fluid density

NH3 model of Eckl et al.
Other models
Correlation of experimental data

Excellent reliability for the 
extrapolation of thermo-
physical properties
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50 MPa

Self-diffusion coefficient Shear viscosity

Ammonia: Predicted transport properties

experimental data          simulation results
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Molecular simulation of fluid mixtures

A A

B B

σA, εA

σB, εB

σAB, εAB

adjustment to a single 
experimental value

p(T, x) or Δhv(T)

Purely predictive electrostatics
LJ parameters from combination rules

230 K
4650 kPa
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MD simulation of a single droplet

Vapor and liquid are
equilibrated separately

A small (n < 10000)
droplet is inserted into 
the vapor

If the droplet cannot
evaporate completely,
an equilibrium is
established within a few
nanoseconds

truncated-shifted LJ fluid (rc = 2.5 σ)
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Vapor-liquid coexistence: Cluster criteria
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droplet size in molecules
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Supersaturated vapor, CO2, T = 237 K

Comparison of cluster criteria



PROF. DR.-ING. HABIL. JADRAN VRABEC
THERMODYNAMIK UND ENERGIETECHNIK

INSTITUT FÜR
VERFAHRENSTECHNIK

ThEt
droplet size in atoms
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Droplet interface properties

Surface tension (Tolman):

● simulation
— Tolman equation
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For small droplets, the Tolman 
length

i.e. a characteristic interface 
thickness, increases significantly.
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Contact angle: Simulation of a meniscus
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reduced fluid-wall dispersive energy W
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Methane meniscus (t. s. LJ fluid) between graphite walls
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Innovative HPC-Methoden und Einsatz für
hochskalierbare Molekulare Simulation (IMEMO)

Industrial associates:

Project associates:

Project scheduled from
October 2008 to December 2011
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Conclusion

Molecular simulation for process engineering …

is already applied in the industry

raises high expectations

is a common endeavor of engineers, natural scientists,

and computer scientists

relies on HPC: Hardware, software, and algorithms
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