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Molecular Dynamics Simulations of the Evaporation Process of a Fuel Droplet

under Supercritical Environment
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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 D2-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.
Key words n-dodecane; droplet; evaporation; supercritical; molecular dynamics
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Table 1 Critical properties of some alkanes and

gases

TCr/K pcr/MPa

���� 658.1 1.82

WX� 543.9 2.57

�A� 540.1 2.74

�
 126.2 3.40

Y
 154.6 5.04

1 BQKZRKK[L
1.1 S5Æ6

E9+#& HC9#L$DME( Sara
* [10] M(&R) HDO%N%NW\F*"B
TO#XGH0R&=�5<"/GDO@R) 
H.&HE (CH3) �THE (CH2) P03,U+%
I3, “N�VH”('9JYVH)%>?@GH0R
 HP03,)H0,N�VHW@& HO%*
3:&Z PQ HOXHK&8<&N%L$J
1;F&0& [11]/DOL$ÆM�-@NVH&
[=L$0@NVHC&N$/B.#(RQ-@
NVHBC&L$0SJ\ - RS (Lennard-Jones)
L$]

ULJ(rij) = 4εij

[(
σij

rij

)12

−
(

σij

rij

)6
]
−

4εij

[(
σij

rc

)12

−
(

σij

rc

)6
] (1)

B., εij � σij  D0LYT9�U9^M%B(G
H0R%?10 εCH3 = εCH2 = 0.4686kJ/mol%*)
σCH3 = σCH2 = 0.401 nm/0�J1;F%@GL$
& rc = 1.0 nm _T.%_(T.UV*,&VHB
C&9#�OW-;/

#(RQAX-,VH&NUVL$0]
U s (r) = kb (r − r0)

2 (2)

B.%r ,N`%ÆPUV? r0 = 0.153 nm%a<I
M kb = 1.464× 105kJ/

(
mol · nm2

)
/

#(RQCQ3,VH&-,VHBC&N]
WL$]

Ub (θ) = kθ (θ − θ0)
2 (3)

B.%θ 0X,VH^@&NRY%ÆPY9? θ0 =
109◦%a<IM? kθ = 251.04kJ/(mol · rad2)/

#(RQCQ-,VH&-,VHBC&NY
@L$Z+#� OPLS(Optimized Potential for Liq-
uid Simulation) OL$DM]

U t (φ) =
1
2
k1 (1 + cosφ) +

1
2
k2 (1 − cos 2φ)+

1
2
k3 (1 + cos 3φ) +

1
2
k4 (1 − cos 4φ)

(4)

B.%φ,Z,VH^@&0:Y%k1=5.904 kJ/mol%
k2 = −1.134 kJ/mol%k3 = 13.159 kJ/mol %k4 = 0 /

S H&L$DMABJR/Z, HbP0
SCN`7[&-,VH%-@NVHC&AT9
#0SJ\ – RSL$%LYT9�Uc^M D
0 εN = 0.3026 kJ/mol � σN = 0.332 nm%T.UV
rc = 1.0 nm%N`SC0 0.1106 nm/-NVHC&
[�^MUG Lorentz-Berthelot���Z [12] ;F]

εCH3-N = εCH2-N =
√

εCH3εN = 0.3766 kJ/mol

σCH3-N = σCH2-N =
σN + σCH3

2
= 0.367 nm

1.2 Æ78\
I=&G[KO&_ 1 '(%DIVH&Uc

0 80 nm × 80 nm × 80 nm%X,<`A�+#]\
<d*1,/GH0R;I0$(S�*> D&
GZI^ (NVT I^) '3:WI 9&ÆPXJ%
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B/@;I�_&DIVH&.a%N%]f.a
0`&S� H%*Xa H&Eg/

b 1 ���h^Yc (p=4.4 MPa, T=600 K)

Fig. 1 Initial configuration for the simulations

DI&$(1,Z[�>T)*:4)*&\
d%&7 2 '(/',&F].%;I&G[ 9�
0 363 K%M,&GH0R HM�0 37359%Be
&;Ib^0 d≈34 nmQ$(��&FNQ_-N
&S� HM %/Case 1 ∼ Case 40)�F]%$
(��c0 4 MPaQCase 5 ∼ Case 8 _(.*��
1,%$(��c0 6.5 MPaQCase 9 ∼ Case 12 0
#�F]%$(��c0 85 bar/B. Case 3 (p=4.2
MPa, T=900 K)%Case 7 (p=6.4 MPa, T=900 K) *
) Case 12 (p=8.5 MPa, T=1100 K)  DP7��
�& a)I_5�'./]^%b) %�'./]^%c)
#%�'6]^%&&�1,/

K 2 9:Od;<e
Table 2 Environmental Conditions for the

current simulations

i_# 	�	�/MPa 	�
�/K ������` fÆ�`
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

DI.%��:(&5f%+I& 9558
`)/0�DI�';I&`C$( 9'&:(%

@DIVH.b^0 D = 79.8 nm *,&0`C7
0�=0`%&B.ZCQ 10%CT@ 9jU*
0k$( 9%>? %�a`C&$( 9 [13]Q
N%%ZCQ 10%CTl@5�:�=0`&GH
0R H]f%>?Ff58aa&�A�'B:
("=&UV%DI;I&[�(gh6&bCc
&:("= [14]%&_ 2 '(/

DI"=.BU,+I+#@GZI^ (NVE
I^)/DIb(+#Mg& H2�5DIPd
LAMMPS 5f%+# velocity-Verlet F�cefH
&h2<=%%CT`0 2 fs/DI&i%`?g(
:(ib&%C%B(-N&$(1,%'j&i%
`& 1000000T: 2500000 TBC (I 2.0∼5.0 ns)/

b 2 ��b��c<djekb
Fig. 2 Schematic of the simulation box and heating area
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/%@5mC&e;1f�%8/;I>$(nf
&=jb(#(";A:(0�A%;I5�AB
mC&XJ/;AW &58>g+%&;I&b
^-.>/%?;I&�( 9 m�m'k9n
o-N/;Ib^&0H<@�%Co<>/%I
D2 = D2

0 − Kt/80RQ)�':("=& D2

Cl [15]/
?&4)*$('%AQ23&n0gh@-

$@F/#�'$(�+`;I�(&ipje@
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�4)*XJ&.+@-$,7:6��@1k=%
",;I&:("=.qq-$nol^%!r#
p&�;*:-@-$O&/_ 3 2(� Case 1
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(p=4.4 MPa, T=600 K)%Case 7 (p=6.4 MPa, T=900
K) *) Case 12 (p=8.5 MPa, T=1100 K) &:("
=/>_.#*m5%&# #�&$('%f�:
(m+hn*,%�;*:#pn&=9-&'`/

b 3 ��������
��
Fig. 3 Snapshots of the evaporation process of the

n-dodecane droplet
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C&N1�7o:(m+/r,& H2�5DI
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?PB&,3,k9�W o97?N1&"s0
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&b^o*OC/7cup+#;I'M,& H
M�7o:("=%&_ 5 '(/>_.#*m5%
��&%65":(�n%r,&��i#&%j
73pLN,i-1.%&$(��0 6 MPa � 8
MPa &1,'%:(m+klp,N1%$( 9
&P#Nv5":(�n/73;0qq!*E&
23��3A [18,19]/

b 4 ��qm��`�!n
Fig. 4 Time evolution of the number of remaining molecules

in liquid phase

b 5 ���
ros
��	��!np�
Fig. 5 Droplet life time as functions of environmental

pressure and temperature

tr D2 Cl&RQ%&)�$('%;I&b
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I'M,& HM& 2/3 H<�%Co<N1&w
3%I (N

2
3 − N

2
3 ) ∝ −t/r,&_ 6 '(& N

2
3 �

%C&N1.%b*:(Hulg�8u:73p
L%v1%v:(23&DI&1,'<-N#/

b 6 N
2
3 sro�!n

Fig. 6 Time evolution of N
2
3

2.1.2 BsCtuv
:(5f"=.%K���+B;I&�=%;

I& 9@558##/F=)�'&:(23+
0%;I 9##:[�e;B/@-$q?##%
;I5�TmJ%8%>$(�+nf&=j@b
(#(";+:(0�+/&��ww;I 9N
1&%j%E��+#&,$(��Be&��x
)* 9�@;I 95fr31_2/r31&
;I 9N1&_ 7 '(/

>_.#*m5%Ix&ABr)&$(��
' (p ≈4 MPa)%;I& 9w��:(5f?o
?A#%L8#*+0TmJgh&E��&4)
*��$('<-@F/PQ: 4 MPa &��w
_-y(GH0R&)*��%L8-$'H3v
&4)*��$('Ggh3C-@F/",Tm
Jgh@F&$(��'h1Lj53T��z$
s5/

s,1,3P&,%B(ABr)�� (p ≈4
MPa) �r) 9 (T=600 K) &F]%b*:(i
b%;I& 9w_p,3:)*1 (I T/Tcr<1)/
?B(r# 9���&1,%&:(ibB-
tB%%ww;I& 9(%3:�)*1 (I
T/Tcr>=1)/�.�v%8%(I&"=(%-$Y
0:(%?,-+4)*.+&��;5/

b 7 uyn���
�!n
Fig. 7 Time evolution of the reduced droplet temperature
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b 8 ��
�
�xv�`sro�!n
Fig. 8 Time evolution of the mole fraction of nitrogen in the

liquid phase

2.2 yE>?
4)*:("=0D(F=:("=&3,.

'8o,�;*:<"&N1/4)*:("=.
7:6�58F>%K��&,*:=9N6%:
("=58N0*;508&��"=/_ 9 ,:
("=.�;*:=9 l �%C&N1Wo/7c
*:=9C70k9WoA ρ0.9 0 ρ0.1 -,z_B
C&UV/>_.#*m5% 9���&##�
5"*:=9N6/<t&:()�Hu%"%*
:=955%Æ%%7-,0D(F=T)*:(
&3,8o/

b 9 �
��

�
���sro�!n
Fig. 9 Time evolution of the interface thickness

0�wJ:("=.*:=9&%6,xz*
";5@08J"=%{y;F�*:& Kn M/7
c Kn MC70Kn =

λ

l
%B. l0*:=9%λ0$

(�+& HÆ�I)=/>_ 10 .#*m5%&
ABr#��&F] (p ≈6.5 MPa*) p ≈8.5 MPa)
. Kn M1./()�F] (p≈4 MPa)%t&:(
&z|v}(%5� Kn<1 \d%D18%�;*
:@-$,F=+0&+7? y:%?,3}k
9'W o9' 9*<"7?N1&��~/Ae
&%)o9}9� 9}9'C2&;5-,#$
(I<@0��"=&8JLD/



12 � B�?e: �	
	�
	\���
�������� 7

b 10 
�
� Kn `�!n
Fig. 10 Time evolution of the Knudsen number of the

interface
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