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Abstract The evaporation process of an n-dodecane droplet surrounded by nitrogen ambient under
supercritical pressures and sub- to super-critical temperatures is studied by molecular dynamics
simulation. Results show that the evaporation process under high pressures depart considerably from
the theoretical prediction of D?-law. Both environmental pressure and temperature have significant
influence on the evaporation rate, and elevated pressure can greatly increase the nitrogen solubility

in the liquid phase and also the liquid-vapor interface thickness. It is found that under supercritical

environmental conditions, the expanded interface may enter the continuum regime, leading to a

diffusion dominated mixing process, rather than a conventional evaporation.
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Table 1 Critical properties of some alkanes and

gases

Ter /K Per/MPa,
E+ Tk 658.1 1.82
FEL 543.9 2.57
EFEE 540.1 2.74
AR 126.2 3.40
"X 154.6 5.04

LS THUR SR AT
11 HFHE

&R B4 T IR A BB R ST Sara
o 110 F 5 e A TR, [ 4 D 1
W O |- ey S . R RE e 5
e 8 (CHy) A (CH,) 30— Ih,
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ST R — At A T AL 5 T4, B
SEEITE 75502 18 40 T-HEAR G K 0 B 1 B Bl
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SRR AR S R T R SR AR, b T AR A
HEJET- 2 6] 3568 AV — B (Lennard-Jones)
88 V
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1 11 1 2 AR
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U* (r) = ky (r — 70)° (2)
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i e -
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Fig. 1 Initial configuration for the simulations
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Table 2 Environmental Conditions for the

current simulations

Si's# FEES/MPa FREGRE/K EE+ 40 T8 BRTH
1 4.4 600 37359 911038
2 4.3 750 37359 820490
3 4.2 900 37359 759090
4 4.0 1100 37359 702882
5 6.6 600 37359 1138948
6 6.5 750 37359 1002254
7 6.4 900 37359 910744
8 6.3 1100 37359 827828
9 8.8 600 37359 1358484
10 8.7 750 37359 1180392
11 8.6 900 37359 1060474
12 8.5 1100 37359 951398
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W2 h 7R, IR 2 fs, ALl S B B T
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£ A7E 1000000 2] 2500000 25 2 [6] (B 2.0~5.0 ns),
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Fig. 2 Schematic of the simulation box and heating area
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(p=4.4 MPa, T=600 K), Case 7 (p=6.4 MPa, T=900
K) PA K Case 12 (p=8.5 MPa, T=1100 K) fyZ& &1L
2. NEIHRET RN, TEEiREEWHRET, BT 2
RIBERTTPLISN, SR HE AT R R T TR,

Case 1
100 K & 4.4 MPa
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| 900 K & 6.4 MPa| 1100 K & 8.5 MPa

B 3 E+remimr i
Fig. 3 Snapshots of the evaporation process of the
n-dodecane droplet
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Fig. 4 Time evolution of the number of remaining molecules

in liquid phase
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Fig. 5 Droplet life time as functions of environmental
pressure and temperature
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Fig. 6 Time evolution of N%
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Fig. 7 Time evolution of the reduced droplet temperature
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Fig. 8 Time evolution of the mole fraction of nitrogen in the
liquid phase
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Fig. 9 Time evolution of the interface thickness
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Fig. 10 Time evolution of the Knudsen number of the
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