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MD simulation of a single droplet

Vapor and liquid arep q
equilibrated separately

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

If the droplet cannot
e aporate completelevaporate completely,
an equilibrium is
established within a
few nanoseconds

truncated shifted LJ fluid (r = 2 5σ)
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truncated-shifted LJ fluid (rc = 2.5σ)
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Equilibrium vapor pressure
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Convex spherical interfaces in equilibrium

Interpretation: Definition of the Laplace radius RLv
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Normal pressure profile
From the average Irving-Kirkwood pressure tensor in polar coordinates:
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Droplet surface tension
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Single droplet in equilibrium
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Concave spherical interfaces in equilibrium

Interpretation: The Laplace radius RL is negative.v
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Tolman length: simulation results
3

0.9 ε/k( ) 1
c0 129.022.0 −−+= TTσσδ

ts
 o

f σ 2
0.75 ε/k

( )c0

( ) 1.2
c

2
L 111.0Δ −−= TTσδR

th
 in

 u
ni

1
0 65 ε/k

m
an

 le
nt 0.65 ε/k

To
lm 0

bubbles droplets

-0.2 -0.1 0.0 0.1 0.2
-1

PROF. DR.-ING. HABIL. JADRAN VRABEC
THERMODYNAMICS AND ENERGY TECHNOLOGY ThEt

surface of tension curvature 1/RL in units of σ-1
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Surface tension: simulation results
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Tolman equation overestimates the influence of negative curvature on γ.
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Phase equilibrium in the spinodal limit

Interpretation: On the spinodal, max(Δp) and min(RL) coincide.
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No equilibrium beyond the spinodal limit

2Δ
R
γp = The Laplace equation, γ, and RL require an equilibrium.

8

LR

Droplet / positive curvature

al
 / 

kT
c

7 0.8 TcΔp = 3 pc

p p

Supersaturated fluid phases

i (R ) th i d l li

po
te

nt
ia

5

6 min(RL) on the spinodal line

Smaller droplets cannot
h ilib i

he
m

ic
al

 

4

5

0.6 Tc

reach an equilibrium

Bubble / negative curvature

4 2 0 2 4

c

3

g

Fluid density below saturation

PROF. DR.-ING. HABIL. JADRAN VRABEC
THERMODYNAMICS AND ENERGY TECHNOLOGY ThEt

pressure / pc

-4 -2 0 2 4



INSTITUTE
OF PROCESS
ENGINEERING

The stability limit for vapors and droplets
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Conclusion

• MD simulation of equilibria allows sampling over an arbitrary
time interval eventually leading to the desired level of accuracytime interval, eventually leading to the desired level of accuracy.

• Single droplets and bubbles are stable in the NVT ensemble.

• The maximal curvature that can be stabilized corresponds to
spinodal conditions for the surrounding bulk phasespinodal conditions for the surrounding bulk phase.

• The classical nucleation theory leads to acceptable results
for critical droplets in supersaturated vapors. However, it does
not take into account curvature effects on the surface tension.

• The Tolman equation is accurate for droplets, but for bubbles it
overestimates the curvature influence on the surface tension.
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