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Fig. 1. Schematic diagram of the physical model structure: (a) 3D view; (b) side view.

214701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 214701

JI A AR 5 B4 BR T O T 454 (FCC) HE,
An A% AR 0.392 nm. R S 7E 90 K 38 I8 N Rl
BLor A, B T GRS AR 2247, 9K 3
ST AL 0 JE B 43 i) 12720 1 7000. 7E o
F 2 5 ) b SR RS,y T ) b
FEFZAT, IF BAE y J5 1a i PR iy SRR 158 S ot
Y NIEE SR SR e b STRENUE SR H I RP 1Y 3
W 1(a) Fios, TEEME 7RG BIX BR & T
AR X, HR SR 3.92 nm(7) x15.7 nm(y) x
5.49(2) nm. HAEA T ALK B a2
Mg, HAH 2R BB SR . @ geit
T 75 A 3ok 5 v 3 T PR VRSB R A 1 B R
TR T ZE AR, NIRRT 78 A .

AWFFEMHRA R T (EAM) filiid T 94K8
TEEA SR Z [A] A B H 127

Ey,=F, <Z P (Wj)) + %Z Pap (Tij)7 (1)

oy iy
He PO ARE, BRI THFEE oKL, «
XM EAER, o fl g5 EF @ il j IR
o
&3 VL K -3 =22 18] B9 AR A SR 12-6
Lennard-Jones H\pRZ05 18 -

=) ()] e

Horr ey Aoy 43 AR A AR FH 35 BRI B Fn$4 i
NERTBIFEES, ;AR 0§ Z IR EE .

AW PR T Z B A BES BN ey =
0.01042 eV Fl oy = 0.34 nml, Z{E 1) Hiv
TG 53 3 12 Y v U AR
FZIEAEESE 0 = 0.3085 nm, i 1% &R
JEF 541 EFZE N ARRSEN eg = 0.5en, g =
e, g5 = 2ey, g = dey LLE AN [R) (1) &1 -8 A BAE
FHAREE, #RWr42 r, = 3045

MR R G SE USRI AL HRE Al R
Gifigi/IME, SRIEXHGEM NVT RZEHT0 5
TR, ol YR SR AR T R e 2 R - LAS MY
DI AR EE R3] 110 K, BEE ISR N 5 fs. 78
B RE Ry T B G AN K A E AR AR IR B RE T 1)
BANZHE TR B8 AR, It R HR S
L e A [ — v 20, S FRaEAT 100 ps J5, REEH
W TP i S SRR e R B
G5 RGEIR RNV, SR, W Nose-Hoover fH

IR R GIREATE 110 K, {8838 N A9 7%
%, VEERIAAA N 5 fs, BUREIA 5 ns, X B}
[ P %) 5 o 46 T B . BB A L W
ZiFINVAEWA (TR i 2 T B 1 DT

3 #X5it%w

AT LTS48 2% T 1WA T A3 2
REPRITA P ST S B, S
O AR A A/ 5 T 2R T A i
S R P S O P 48 51 P 72 2
RE YRR, FLURTTT 35, - LA PSR
L A 95 A0 235 191 4 o

BRZE LR, T2 (LA 5 R 5
SRR T 26K T BU T (R 5, 4
ML AR e = o IR IS BLREEDIRIRS,
WO SEAR SR

AEBLERBNSE 7 T, 5 T 4 R ol [ 3
I FHSREE WS RV (L LM 2
TLIHN FIIE, AT BB, 4
B TR R R B L. I R4
5 T - TL A R FE 2, o B4
1R T B2 O, JHHT T 605
ARRFAE 22 AL -G, LB
5 R D SRR 56 35 8 B 7
A T 2 TR 6 2 2 VU TR0, S
SRR R R R, R, AT T W
U 52 U O L P H A S
BB

3.1 EEEERMXILE

AW 5T 3 G 2% & R P g K I R
J T A B SR T RR E  2E R K] 2 s
SRy A PP [ [ -8R B E RO B 25, oKl E
NI TR TECRAE 2.5 ns 28R sh A2k,
Z T LABEEN 2.5 ns VR RZE A TR AT R B[R] B
FEILT WIS 5. 15T, AR - AR
HRAGERAET, W A B2 A0 S B A7 AR A ]
PUINF 2.5 ns. Hik, AR ARRBIAS G 510
A5 8 I R FH SR e 2% & A s i AL, 200K
Mk B2 R 7 25 AL A F 2 A ). Sl 5341 2.5 ns
2% K 1 R i AN [R) [ - AE B AE o BE 2 F T i
N R 4 B VR T, TR B T AR 2R A

214701-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 21 (2025) 214701

T, R AN [R) [ - A R R TR
CHOR M RN 3 FR.

il

7000
6800
6600
6400
6200
6000
5800

JEF

5600 | —— €9 = 0.5y
—— &g =en
5400 e = 261
5200  —*— en = 4ey
0 0.5 1.0 1.5 2.0 2.5
Hf1H) /ns

P2 TRl A9 I - J80RF A P i B T S i e B ]
il
Fig. 2. Time-dependent variation in the number of argon

atoms under different solid-liquid interaction strengths.
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id-liquid interaction strengths.
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Fig. 5. Potential energy profile of argon atoms along the

channel height direction.

12
—— gq = 0.5¢y
&l =En
10 + S
——en=2ey
——en=4ey
8 L

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

z/nm

P 6 YT E T 1] B R A A
Fig. 6. Density profile of liquid argon along the channel
height direction.

B 7 WS IREE S I R S (a) eg =
0.5ey; (b) g = en; (¢) gg = 2ep; (d) egq = 4ey
Fig. 7. Contour plots of liquid argon atomic potential en-
ergy distribution along the channel height direction: (a) ¢4 =
0.5ey; (b) g = en; (¢) €a = 2ep; (d) £q = 4ep.
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Fig. 8. (a) Snapshots of liquid argon configuration within the channel and (b) corresponding pressure profile along the channel’s lon-

gitudinal (y) axis under solid-liquid interaction g = 0.5¢; .
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Fig. 9. (a) Snapshots of liquid argon configuration within the channel and (b) corresponding pressure profile along the channel’s lon-

gitudinal (y) axis under solid-liquid interaction g = ¢y .
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Fig. 10. (a) Snapshots of liquid argon configuration within the channel and (b) corresponding pressure profile along the channel’s

longitudinal (y) axis under solid-liquid interaction egq = 2¢y; .
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Fig. 11. (a) Snapshots of liquid argon configuration within the channel and (b) corresponding pressure profile along the channel’s

longitudinal (y) axis under solid-liquid interaction egq = 4ey; .
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Fig. 12. Vapor atoms within cavitation bubbles immedi-
ately before collapse under different solid-liquid interaction
strengths: (a) g =&y ; (b) eq = 2ey; (¢) &g = 4ey -
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Fig. 13. Evaporation quantities of different components un-

der various solid-liquid interaction strengths.
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Fig. 14. Proportion of evaporation quantities at meniscus
and cavitation bubbles under various solid-liquid interac-

tion strengths.
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Fig. 16. Geometric profile of the meniscus and its radius of curvature under different solid-liquid interaction strengths: (a) &g = €y ;
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Table 1.  Theoretical physical properties of liquid argon
under different solid-liquid interaction intensities.
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Mechanism of vapor-liquid phase transition under synergistic
action of nanoscale potential energy and cavitation®

LIU Renjie LI Yuxiu? CHEN Ying DING Yu

(School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China)
( Received 13 July 2025; revised manuscript received 14 August 2025 )

Abstract

Liquid evaporation on a nanoscale is significantly strengthened by microscopic effects, with its rate even
exceeding the predicted upper limit of the classical Hertz-Knudsen equation. This property makes nanoscale
liquid evaporation highly valuable for applications in solar-driven interfacial evaporation, electronics cooling,
and microfluidics. However, existing research predominantly focuses on the influence of individual microscopic
effects, leaving the synergistic mechanisms of multiple effects to be poorly understood. To deeply reveal the
microscopic mechanism of liquid phase change on a nanoscale, this study employs liquid argon as a model
system to systematically investigate the synergistic effect of potential energy and cavitation on its evaporation.
Using molecular dynamics simulations, we study the evaporation process of liquid argon within nanochannels
characterized by different solid-liquid interaction strengths under identical temperature and time frame. The
results indicate that an increase in the solid-liquid interaction strength reduces the average potential energy of
liquid argon and increases the evaporation energy barrier, which theoretically should suppress the evaporation.
Nevertheless, the capillary pressure induced by the increased meniscus curvature leads to negative pressure
within the liquid argon, triggering a cavitation effect. This cavitation generates bubbles inside the liquid argon,
which significantly increases the evaporation surface area and consequently promotes evaporation. Furthermore,
the meniscus-dominated evaporation mode is gradually weakened, while the contribution from cavitation
bubbles becomes increasingly pronounced. This study demonstrates that the evaporation rates of liquid argon
in the four nanochannels with different interaction strengths are 3.49 x 1074, 3.95 x 104, 3.02 x 10, and
2.44 x 10 kg/s, respectively. Therefore, it can be concluded that the evaporation rate does not vary linearly
with the increase of solid-liquid interaction strength. On the contrary, under moderate interaction intensity, the
optimal synergistic state between potential energy and the cavitation effect is achieved, thereby obtaining a
maximum evaporation rate.
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