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Molecular Dynamics Simulation of Nucleation
of Liquid Droplet on Solid Surface

Tatsuto KIMURA and Shigeo MARUYAMA

Abstract

The nucleation of aliquid droplet on a solid surface is very important phenomena from the viewpoint
of the dropwise condensation theory, and is also very interesting related to the nanotechnology such as the
gquantum dot generation. We have simulated the equilibrium liquid droplet on the solid surface by the
molecular dynamics method, and have clarified the relationship between potential parameter of molecules
and macroscopic quantities such as contact angle [1-3]. In the meantime, Yasuoka & Matsumoto [4,5] have
performed direct molecular dynamics simulations of the homogeneous nucleation process and reported a
large discrepancy from the classical nucleation theory. Here, the heterogeneous nucleation of liquid droplet
on solid surface was directly simulated by the molecular dynamics method and the nucleation rate was
compared with the classical nucleation theory.

Vapor argon consisted of 5760 Lennard-Jones molecules in contact with plane solid surface was
prepared. The solid surface was represented by one layer of 4464 harmonic moleculesin fcc <111> surface.
We have controlled the temperature of solid surface by arranging a layer of phantom molecules beneath the
‘real’ surface molecules. The phantom molecules modeled the infinitely wide bulk solid kept at a constant
temperature with proper heat conduction characteristics. The potential between argon and solid molecule
was also represented by the Lennard-Jones potential function, and the energy scale parameter was changed
to reproduce various wettahilities.

After the equilibrium condition at 160 K was obtained, temperature of the solid surface was suddenly
set to 100 K or 80 K by the phantom molecule method. Initially, small clusters were appeared and
disappeared randomly in space. Then larger clusters grew preferentially near the surface for wettable cases.
On the other hand, for the less wettable condition, relatively large clusters grew without the help of surface
just like the homogeneous nucleation. The nucleation rate and free energy needed for cluster formation were
calculated from the gradient of the number of the clusters larger than some threshold and from the cluster
size distribution, respectively. The observed nucleation rate and cluster formation free energy was not much
different from the prediction of the classical heterogeneous nucleation theory in case of smaller cooling rate.
The difference became considerable with the increase in cooling rate and with increase in surface wettability
because of the spatial temperature distribution. However, with the definition of local average temperature
near the surface, the simulation results were almost explained by the classical nucleation theory.

Key Words: Molecular Dynamics Method, Nucleation, Heterogeneous Nucleation, Solid Wall,
Lennard-Jones

*Received:
tDepartment of Mechanical Engineering, The University of Tokyo (7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan)
$Engineering Research Ingtitute, The University of Tokyo (2-11-16 Yayoi, Bunkyo-ku, Tokyo, 113-8656, Japan)



c¢in :000000O0OOO

f 0000 00oooooobooooa

J :000000[em?%sY

k :00000[N/m]

ke :00000000[IK]

m 000 [kg]

n :0o0oooogo

R :000000000OI[A]

r :000000000[A]

r :00000000[A]

S :0o00o0o

T :000[K]

Twar - phantom 0 000 0 00O O[K]

a :00000([kgs

AG 000000000000 DOOO0DOOo0oOry

At :00000(s

£ :Lennard-Jones DO OO0 O0O0O0O0DOODOOO0O
oooary

p 000000000

@r 00000000 Lennard-JonesO0 00000
ooopd

y, 000000000([Nm

6 0000([rad]

p 0000[m7

o lemad-Jones OO OOOOOOODODOOO
0O [A]

o :000000000[N]

oo

AR 0000

ave 00000000

e :goon

INT . 0000000o0on
| :04ad

S ::gooao

sm 00000000
th 0000000
* :goo

O oOoooo

goooboobobbobobooobooobooboo
oo covoooooooooooooooooo
goobooobbooobboobbooooboboooo
goobooobbooobboobbooooboboooo
goobooobbooobboobbooooboboooo
goobooobbooobboobbooooboboooo
goobooobbooobboobbooooboboooo
[oo0ooo00oooOo0oboooooooooon

O000000oo0Dooooooooooooon

00[23000 Yasuoka & Matsumoto [4,5]0 O O 0O O
O000000oo0Dooooooooooooon

O000000oo0Dooooooooooooon

O000000oo0Dooooooooooooon

O000o00oDoooooooooooooooog
O0o0o0oooooooooooooo

o oooo
Fog.10OOOOOOOOODOOOOODOOOo

goboobboobboooboooboooon

0000000000 Lenard-JonesOOOO0OO0O

0000000000oooooooooooon
Mar = 6.636x10%° kgl Lennard-Jones0 0 0 0 0 O

=] (]}

00000000000 opg=340A0gg=1.67x10%
JOO0ooD0DO0oO00O00000O0ooOoooooon
0000000 r=350x0 0000000000
00000 Lennard-Jones O 0O O 0O O[6]

-7 (3]

2(G ARG I

gboooog

142 26 A,

17174 A

Fig.1 Simulation system.



Tablel Calculation conditions.

L abel gll}léli 2] Towall Tave Jg m 3}9 . Jth("?chﬂll)

[x107"J] [deq] [K] (K] [cm*sT] [cm“sT] [cm*sT]
E1l 0.426 135.4 100 108 6.52x10%° | 4.86x10%' | 4.50x10%*
E2 0.612 105.8 100 114 3.45x10% | 4.47x10%' | 1.45x10%
E3 0.798 87.0 100 120 5.76x10% | 554x10%° | 7.01x10%
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E3-L 0.798 87.0 80 129 2.96x10% N-A 1.44x10%
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Fig. 2 Variations of Pressure, temperature, number of
monomer and maximum cluster size for E2.
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Fig. 3 Snapshots of clusterslarger than 5 atoms for E2.
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Fig. 4 Snapshots of clusterslarger than 5 atomsfor E1.
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Fig. 5 Variations of number of clusters
larger than a threshold for E2.

Fig. 5000000000000000000 1000
psO0 1500 psO0 0000 Taed 0000000 p0
0000000000000, = 447102 em?stO
000000000000 p000000Q 0 L-J
00000000 [UO00D0O0000o0ony
0000000000000 D0O000O0DoOo



AG [x1072%]]

\ N L]
0 10 20 30 40 50
Cluster Size

(a) Twa =100 K

\ N T R L]
0 10 20 30 40 50
Cluster Size

(b) Twa” =80K

Fig. 6 Cluster formation free energy.
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Fig. 7 Temperature distribution during nucleation
period.
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