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Fig. 1. Initial snapshots of simulated system.

8 B RE T i 2 DA S i ] 2 FR A e T BT
W . ZR G e BT DA O 37 b A 25 4
(FCC) HEFE s ARE T, Horp fids R E0CH 3.61 A,
W3R Bl 8690 kg/m3. FIAKENA T2, IE T
PR JZ 0 1 2 DA B L A L iR A R T 2 VST, 1
N =)RRRIRZ, ST AL 1017, iR
BETHT 2 R 6.0 nm B9IRAS/KIR, H 6570 4~k
IFAIN. AKAYFRH] TIPAP $hetisl, i T TIP4P
BN AT LIS 3] 5 S g0 45 R B 1 S5 08, 3L
o, H—O—H 8y 104.52°, 4 KIEE K 0.957 A.

FESr Tl J12 ik, T[] A 34 RE PR AR S
5 T2 Bl rf ot A EE R A U0 - - AR
F 0] A AH EAE 2R H 12-6 Lennard-Jones (LJ) #
REASETR (19 3k

o\ 12 PN
() (@)]) o
1] 1]

K, r BIFEFEIIEE, o Fl e 5302 RS 25
e RS20 FEBAUL AR rp S (A B AR FH A0 AT
A2k 10 A, BT LI B A B AR 20N ]
i}, % Lorentz-Berthelot < W45 3| 4 - 42 J& - [|]
(19 RS SR RE B 2 8k 19

ocu + 00

5 ECwo = ayEcuo, (2)

K, o AR REL, o BI(ERRR, [EARE [ )
TR iR . Sk 1 AN T R T R AR VR S R
A1 2 (B (42 fl 1, BT 420 10 nm (19 [ AR AR
TR EBETH L AR ARE. Y a = 0.64, ecuo =
0.034 eV i}, WH7E B ARE T ) ES 2l 30.8°,
HSEIKPEBET; o = 0.17, ecy0 = 0.009 eV i},
% ] A B TT %) B2 ik A R 112.5°, R K M BE T
WE 1(b) fros BO2L K 4x 18 i AH B AR A 4R
FEERELAE FAD LI $GefE A 19

Cqe,iGe.j Oij 2 Oij 0
=S ()" ()], o
b, CREREE, g 25T Frl iy fir. 51
[) 8 AH ELAE FH 0 AT LA i A Re A i 2R Ry 122
d?r;; Ui
i d;J =Fy=- ar;’ @
A, m BT R BUR, ¢ SRR AT R
YEHIFFIVE T ) BOEAR DG, 7ERE S —E iIE LT,
YER R, FER IRtk R+ m/EHEGES
BanE 1 g

OCu-0 =

090201-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 9 (2024) 090201

® 1 ETREIEHRES

Table 1.  Potential energy and related parameters
between particles.

BT i, g /e a;/ A e;/eV
H-H +0.52 0.00 0.0000
0-0 -1.04 3.165 0.006998

Cu-Cu — 2.33 0.4096
Cu-H — 0.00 0.0000

Cu-O(GE7K) — 2.75 0.034
Cu-O(Hi7K) — 2.75 0.009
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Fig. 2. Snapshots of phase-change behavior for liquid water

(a) ZEK

on (a) hydrophilic and (b) hydrophobic surfaces.
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volume on hydrophilic and hydrophobic surfaces.
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Abstract

How surface wettability affects boiling heat transfer of thin liquid film on a nanoscale remains a challenging
research topic. In this work, the effects of wettability on the nanoscale boiling heat transfer for a thin liquid film
on hydrophilic surface and hydrophobic surface are investigated by molecular dynamics simulation. Results
demonstrate that the hydrophilic surface has better heat transfer performance than the hydrophobic surface. It
has a shorter boiling onset time, higher temperature, heat flux, interfacial thermal conductance, and weakened
interfacial thermal resistance. The hydrophilic surface throughout has higher critical heat flux than the
hydrophobic surface in both macro-system and nanoscale system. Besides, a two-dimensional surface potential
energy is proposed to reveal the mechanism of wettability affecting the boiling heat transfer. The absolute value
of potential energy in one regular unit of hydrophilicity (—0.34 eV) is much higher than that of hydrophobicity
(-0.09 eV). That is the crucial reason why the heat transfer enhancement via improving surface wettability
should be primarily the powerful surface potential energy. In addition, the interaction energy is calculated to
further address the nucleation mechanism and heat transfer performance for liquid film on different wettability
surfaces. The interaction energy values are ordered as Iy; (1.57 eV/nm?) > I (048 eV/nm?) > I,,
(0.26 €V /nm?), indicating that the better heat transfer performance of hydrophilic surface is because of the large
interaction energy at the solid/liquid interface. Besides, the bubble nucleation on a hydrophilic surface needs
absorbing more energy and occurs inside the thin liquid film, while it needs absorbing less energy and triggering
off at the solid/liquid interface with hydrophobicity. Those uncover the principal mechanisms of how wettability
influences the bubble nucleation and boiling heat transfer performance on a nanoscale.

Keywords: wettability, surface potential energy, interaction energy, thin liquid film boiling, molecular

dynamics
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