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Fig. 1. The diagram of physical model structure.
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Fig. 2. Prediction of fluid temperature at the solid-liquid in-

terface.
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Table 1.  Simulated conditions.
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Table 2.  Corresponding contact angle under different

solid-liquid potential energy intensity.
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Fig. 3. Temperature distribution of liquid argon at differ-
ent solid-liquid potential energy e./e: (a) Condition 1;
(b) condition 2.
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Fig. 4. (a) Number density distribution near the hot wall

surface in condition 1; (b) number density distribution near

the cold wall surface in condition 2.
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Fig. 12. Velocity distribution of liquid argon under different external forces in condition 1: (a) F = 0.01e/o; (b) F = 0.012¢/0; (¢) F =

0.014e /03 (d) F = 0.016¢/0.

224701-7


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. 69, No. 22 (2020) 224701
150 150
(a) r (b) - EWf/E:G.OO
140 F 140 | " o cyife=1.50
| - A gyi/e=1.00
v g4/ =0.75
130 F 130 F . 5“;/610_50
< <
N 120 120
8 o
110 + 110
100 100
90 . 90 L
o 1 2 3 4 5 6 7 8 9 10 0o 1 9 10
z/nm z/nm
150 ‘ 150
) " cyi/e=6.00 | () " cyi/e=6.00
140 + ! e cy/e=1.50 ! 140 ® cy/e=1.50
" A g,/e=1.00 L " A g,/e=1.00
|- Y ey/e=0.75 Y ew/e=0.75
130 : * egi/e=050 | 130 . * egi/e=0.50
< . 3 X b B
~ h 1 ~
W 120 : 120
110 - | 110
£ : r g
= ' =
100 = : 100 = .
z | = %
90 i 1 1 N 90 1 1 1 1
1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
z/nm z/nm

13 UL 1 P A AL AN TR A0 3 4 R B L E 43 A

(a) F=0.0le/o; (b) F=0.012¢/0; (c) F = 0.014¢/0; (d) F = 0.016¢/c

Fig. 13. Temperature distribution of liquid argon under different external forces in condition 1: (a) F = 0.01e/o; (b) F = 0.012¢/0;

(c) F=0.014¢/0; (d) F = 0.016¢/0.

E LR, A7 1078 LT T b e A 5 i ) 30
SIS/, A R b, B FAVRE T A 0
A0 7R HE T 23 Y I i vy 2 AR T DX ) AR TRLE
WE 13(b)—(d) Fiz. FIEATLLR B, B [
RETHR ARl 55, FAVRE TR 3 JA0 AR T O 25 2 P DX
F18) 0 R BRS04 [T Y 3 B 5 BE S I (ep/e =
0.5), AW B L B IR B EEI 29 1.19 nm. X2 i TBE
T 0 P 355 ) S TR AL B 255 5 7 A PEE Rt A, il
F 0T ARRE T Ak HE SR B8 T LA Jey R I g e P 43
MG, BNE 13 hal DUA Y, B SN 11
R, ANTR) T AR R B P DAL A T 0 A 25 B 0
W, FRAER 13(d) W, eyg/e = 0.5 IEXH A 3
KIRIES ei/e = 0.75 Fll egg/e = 1.0 BFXT R AY IR
JEOM A A

Kl 14 HEWUER T AR E R Re R EE T, AR
HPIIVEFIXS TR BE S A A 500 B4 (a) eyp/e =
6.0; (b) ey/e = 1.5; (¢) ey/e = 1.0; (d) eyi/e =
0.75; (e) ew/e = 0.5. G5R IR, Toit [ HAE IR
FEWUE Z R, AR B S0 i34 R34 45 AN )
FEPE Y B Th . 5 [ W3 B8 5 B IR I (ey5/e =
6.0), FM 7 AHERAL AR IR EE RS A BT, HAr i e

XA B LM AR R B [ S RE 0 5 19
55, HM IR BE 43 A1 A S e i e, RS [A]
A1 (BB A A 22 B R ke AR, LR E 43 A D 29 4k
PR R GR FEACBR IE  REE Y [ VR FA R i P 4 559
B (ey/e = 0.5), FfiE SN I 093G K, BE 25 R m
1.19 nm 3 B P A9 AR UL B 4 A D b Ot 2 ek, 3
SR TR R ARERE T, E A A 45 5
AR AT B, O T bR 1.19 nm yig
Pl P A T B2 48 0T ) 3508 O B A D ik, 81 15 R T
egr/e = 0.5 B, ANFEANAEHT 1.19 nm 0N
JRFE B B A S5 R BN, B AN 3R,
Jey 0 DXl 3 A ST 47 30 R AR b A, b TR 4
4 9.37%, 10.68%, 15.81% #1 21.35%.

T BB AE AR EE A R L AR AR
[ R e a7 1] T B N B Y3 F =P s
H T AR SN T A [ A R B R R A e
PG, ERANE 16 Frs. B S R 1 B RE I
JEERE R 0.4 o (1) 300 AR DX 38 PN 3 B 0 A, 5 SRR,
Y ERARETR T e/e < 1.5 B, BEE N T A9 K,
T FRRE T AL S AR B R AT O, B A T B Y
R, I REO AL ™ A BRI, TR

224701-8


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. 69, No. 22 (2020) 224701
150 150
(a) " F=0 (b) " F=0
140 | : o F=0.010 140 - o F=0.010
- A F=0.012 A F=0.012
o F=0.014
130 | 130 - o . F=0.016
< <
wm 120 w120}
= =
110 F 110 F
100 100 nY
90 L L 90 L L ¢
1 10 1 2 3 4 5 6 7 8 9 10
z/nm
150 150
(c) (d) . Feo
140 + 140 e F=0.010
A F=0.012
v F=0.014
130 130 * F=0.016
X ] 2
@ 120 + Q 120
110 + 110 F
100 | 100 \.
¥
90 , 90 S T S R I
0 1 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
z/nm z/nm
150
(e) . Foo
140 e F=0.010
A FF=0.012
130 F 1.19 nm : Iliz 88}3
X P
W 120 f
= W
110 - :
100 - \
! ! ! ! ! ! L "

90

B 14 B0 1 AP AT TE A [ [ 9 A BE B EE T A IR EE Al

(e) 6wf/6 =05

z/nm

(a) eqife = 6.5 (b) /e = L5 (c) eyr/e = L0; (d) eyrfe = 0.75;

Fig. 14. Temperature distribution of liquid argon under different solid-liquid potential energy intensity: (a) ey/e = 6.0; (b) ey/e =

1.5; (¢) egi/e = 1.0; (d) ewg/e = 0.75; (e) ey/e = 0.5.

SRAHEIEIE T, o T RERI 215 T 1 A1 1Y
VERIDD, A PRBE T AL A O BE R /N, L2208
Z, RIE ST AR A R E WAL, 6 G P A B i Ak
BEA 7= A BN RGPl A R P AR D X
14 rPOE IR LR — 2, RIVBE AR LA 55
SRR 2 W S R S AL, 7 A A A A TR
LIRS, AR RR T, SN T RIS 2
Sk S AL [A] s B i Ak iR R A A AN
2.

BT T8 1, ARSI 5 TR RE 5k S5
X RGEHGE EERSZ IR AN PR, BEE SN R,
A IR RE SR BE T X A FAGE B 44 A B E T

R FAINIERT, R4 T8RS
i, AT TR ISR, R A AL A
P BE RN P Il R e B T BLAh T LUR B, B
o [TV SRR B A3 K, A % RG] 128
W/IN, 3R T HARE T 5 AR =2 )5 o5 Y 5 e
R T B b Ak o 1ia 8, mREAIREE bR T
iR S RE T[] A9 EESEORG PR A

B 18 S T4 1 v, A[EAM 1 5 [ i o
XS BRER A2 . B 18(a) s T #VEE T Ab A I
FEBRER (A Thy), B5RKRW, &SRR, HRE
T AL 1) 32 Bk RS2 T /), 3 i PR R A i e B A
JITE RN, M Navier B2 3 B 5% 24 00 i) 71

224701-9


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. 69, No. 22 (2020)

224701

Ak BRI AR R RE 24 AR e AR TR (140 K,
e, AR, ST Ak 4 Al B S B TR

125
"
120 i
"
115 F i
4
~ n
% 110 F " 3
105 b 9.37% 10.68% i 15.81% i 21.35% i
n X X x *
100
0 0.010 0.012 0.014 0.016
F
Bl 15  AEAN I ER T I AEE T /H (1.19 nm) F¥&
BESM R

Fig. 15. Local (1.19 nm) average temperature distribution

near the hot wall under different external forces.

IS Bl BE BB B 5 S A TP AR R
TE IR RE SR BERGR A 26 F T, B AR A IRLEE
BRIR. X RO BARTER S IIRAE F, SN B AE
WA Gy HE BEBORG VRN, (H™ A AR MR IR 2%
ANT RGBT T BE A -5 AR ] 50807 A B
AW T AR, [T [ 2 D Bt i
B EFHE. B 18(b) Wn T 100 1 a2 BEH
P UL S KR (A Tpa), S5 2RI, B E T 0
PRI g, v BE N A8 RE Bk BRI AT MO ik
SN ITHIIEIR, Ve BE TIP3t B MR BR AR A B R A, H
B BEAR/IN, X T RER Fh T A0 PN AR R A T A=
TR IR, A T v BE R A R s A
Th, R T 5508 BE I 6] 38 B 22 5

ARG LR we ZR Ge A I BRER A e T, A%
2T ARSI T A P B T A i Xk B i 4R L )
SEMARLHE, Z5RANTET 19 Pzs. HorpI&] 19(a) FoniieE
T TR AR AL R, AT LU, BER A ST
$EIR, FAVRE i Ack St i AL kX O 4 T A i
JE T A ARG TR P [P 9 A RE i B 1) 4 Rt A

0.30
F=0.010¢/0 | F=0.012¢/0 | F=0.014¢/0 | F=0.016¢/c
—B—|ey¢/e =6.00
0.25 —0—|eyg/e =1.50
—A— e/ =1.00
~¥—|ew/e=0.75
0.20 F —~—|eyi/e =0.50

B oL
o
&

i
AN

o

1.8 2.0 2.21.8 2.0 2.21.8 2.0 2.21.8 2.0 2.2

&

z/nm

P16 I PR B TR AR R A8 G 0 3 EE A
Fig. 16. Velocity distribution of liquid argon near the hot

wall surface.

5.5
5.0 t
o 4.5 j x
s 4.0 3 H
2 3.5 * 2
S ¢ 1
S 3.0 v [ m =0
i 95 i b ® F=0.010e/0
& : - A F=0.012¢/c
22 v F=0.013¢/o0
®20F * F=0.014s/0
1.5+ [ ]
1.0 . . . . .
0.50 0.75 1.00 1.50 6.00
ewt/€
17 AR R AR R Lx R G AGE Y R

Fig. 17. Effect of solid-liquid potential energy on system

heat flux under external force.

40 -(a)-
" F=0
35+ ® F=0.010¢/c
- A F=0012/c
5 30+ v F=0.014¢/0
3 2 ® F=0.016e/c
& 25t i .
< v
A
g 20 = N
P! | ]
2k ¢ ¥ 2
= x
10
-
5+ s
0.50 0.75 1.00 1.50 6.00
ewt/€
gL (b)
b {
M7 °
3 of ¥
E
L F=0
=0 * M . F=0.010¢/
= X A F:OUHZ/Z
e ] Y F=0.014¢/0
2 ® F=0.016¢/c
0.50 0.75 1.00 1.50 6.00
ewt/€
K18 T 1 PAS[EIAM AV F T o 3 o X Ui 3 Bk
BRAGRZM  (a) NEETH; (b) ¥ REETH

Fig. 18. Effect of solid-liquid potential energy on temperat-

ure jump under different external forces in condition 1: (a) Hot

wall surface; (b) cold wall surface.

224701-10


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. 69, No. 22 (2020) 224701

30
Tx (a)
u m F=0
< 2T ® F=0.010¢/c
£ A F=0.012¢/c
: VvV F=0.014¢/0
z 20F ¢ F=0.016¢/0
|
o
g 15 .
P
S 10 -
& v b n
a
2 5F e a
= ¥ ]
= ’
0 L L L
0.50 0.75 1.00 1.50 6.00
ewt/€
T (b)
<
TE 2.0F .
" A -
B ° e A
7 v .
*
S 15 *
— *
3 " ¢ ’
<]
< m =0
© ® F=0.010¢/c
= LO0F A F=0.012¢/c
=4 Vv F=0.014¢/c
E ¢ F=0.016¢/c
B
0.5 L L L L L
0.50 0.75 1.00 1.50 6.00
ewt/€

B 19 B0 1 AR AN AR TR I A g R X T AR
FHEFEMT  (a) FARET; (b) R RE

Fig. 19. Effect of solid-liquid potential energy on interface
thermal resistance under different external forces in condi-

tion 1: (a) Hot wall surface; (b) cold wall surface.

TREART I AEE. 5 A RE SR AR, A4 4h
AR NG DIVA: O RSN <O ™ O I B 8 S TR
PEZRAET, AN S HABE RIS RN, K 19(b) A
¥ BE 000 5 i P BEL AR A R, TR T LUK B,
VB T 0] P S A FABEL AR AR R AR, HA A2

T RFACSN AT, BET R AR
TR SR ABE A, T T ANRI SN hEE
AT b W B A S0 K, 25 R AN 151 20 Firzs . ]
HRT IR Y, TR S B R 32 )3 D ] A DB i i
BF A 5 O RS, T S S50 T AR S, X
Z RS VE— 2. A7 0L A RE T AL 1A
I 5B RE RN, SR PR A BE TR BRI A7
o ROy [T AR SR B D RE Y. 2 [ R BE SR
FEREHRINS, 13 ARG 53t 0 O A Mot 8 e i
AR aE, FURITE R LG AW ; 2 [ R A RE i L
SN, AP I3 AT BEA U A 53 I 2 ¥ T R A, JF
AT —E W BIRE, (H Haz 3l oL B 46 4 A 1518 5 1
Kb, B S AR AR > RO S AANAS, [R]
PR R TS A

120
- F=0
110 —o— F=0.010¢/0
- F=0.012¢/0
100 - ¥ F=0.014¢/0
—— F=0.016¢/0
m 90
#
N> 80
R
70
60
50 F
40 1 1 1 1 1
0.50 0.75 1.00 1.50 6.00
ewt/€

P20 B i A v A T R B L AR 20 1 K
Fig. 20. The number of adsorbed fluid molecules on the hot

wall in flowing fluid.

4 % w

AR SCRI 43 —F 3 125 1206 A X6 R g0 K 3 3
Hh [ VR AR P S T AABELAEA RIS . M T A
e ARk, DR RT AP T X A T AL A 5
B 5, B A IMANT IR ), AR, R T
HNERBIR Bh 3 /N T BE B B2, R S T A
TR P AABE ShAS BT A FABE B T A, 153
PUNNEoY

1) ST D, R AR R B Y K RES A
RLAR T THI LB R BER, v R e il o, AT I
TR AR TR 9L T A T A B A 5 i 2 3z KR 114
4 [ A BB RIS N, T DAL B PR AL Ay S
TR FABEL 22 72 T4 B T A ) S T AL T 4 T 4 g
SER B SR, R TR 0L X i TR AARHL A% 2 R AR /).

2) ShASHMAr, A1 %o S T A BH A 2 i 4 S
Z BRI, 4 A RE TR R EI I, SRR A S
B AL A IS, AR T, A
BELFL 320 ST 080/ ]N 5 7 24 1 Y A B i B Sk st A0 7 A
VEFRARME(E St = W A%, XA i ABH A2 AR ).

3) o Ji T AL 5 e T R 3 A 4 5 A B
R AR, AT ST BB S R R
TR TR, W TR 2, oA 1%
M B ISR FE S A AR, A B AR AT
B T W B AR 0P B AR N, 2R AR o F 45
(14 T PR 2 [ AR RE SR B

S 30k

1] Fan S F 2007 Modern Scientific Instruments 5 17 (in
Chinese) [Jitt4R 2007 BCRIELER 5 17)

224701-11


http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
http://doi.org/10.3969/j.issn.1003-8892.2007.01.004
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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 22 (2020)

224701

2]

3]

14
5]
6
7
8]
9

[10]

[11]

Zhang X Q, Wen L P, Jiang L 2019 Acta Phys. Sin. 68
018801 (in Chinese) [3k#)ar, A, YL 2019 PR~ 68
018801]

Tang Q H 2008 Ph. D. Dissertation (Hefei: University of
Science And Technology of China) (in Chinese) [fHEi#E 2008
SRS (BIE: P ERLEEAR )

Zhao S, Li J F, Zhou Y H 2007 Mater. Rep. 21 5 (in Chinese)
R, 245, FSEM 2007 SR 21 5)

Ge Z B, Cahill D G, Braun P V 2006 Phys. Rev. Lett. 96
186101

Stevens R J, Zhigilei L. V, Norris P M 2007 Int. J. Heat Mass
Transfer 50 3977

Liu C, Fan H B, Zhang K, Yuen M, Li Z G 2010 J. Chem.
Phys. 132 094703

Ge S, Chen M 2013 Acta Phys. Sin. 62 110204 (in Chinese)
[BR, BRE 2013 PFI2E4R 62 110204)

Zhou L, Ma H H 2019 J. Eng. Therm. 11 2603 (in Chinese)
RIS, 2T 2019 TREEIAEHR 11 2603)

Chiloyan V, Garg J, Esfarjani K, Chen G 2015 Nat.
Commun. 6 6755

Zhang L'Y, Xu J L, Lei J P 2019 Acta Phys. Sin. 62 020201

224701-12

(in Chinese) [k JEHa, #Rilk K, T R MG 2019 Y3 %4 62
020201]

Shi Z, Barisik M, Beskok A 2012 Int. J. Therm. Sci. 59 29
Barisik M, Beskok A 2012 J. Comput. Phys. 231 7881

Zhang C B, Xu Z L, Chen Y P 2014 Acta Phys. Sin. 63 263
(in Chinese) [JKFEEE, VEJEMK, BT 2014 H3E2E4 63 263]
Li Z G 2009 Phys. Rev. E'79 026312

Hu H B, Bao L Y, Huang S H 2013 Chin. J. Theor. Appl.
Mech. 45 507 (in Chinese) [#ifF5Y, HiEEE, EHM 2013 Ji2%
2441 45 507]

Wang X, Jing D W 2019 Int. J. Heat Mass Transfer 128 199
Guo Y T, Surblys D, Kawagoe Y, Matsubara H, Liu X,
Ohara T 2019 Int. J. Heat Mass Transfer 135 115

Toghraie D, Mokhtari M, Afrand M 2016 Physica E 84 152
Plimpton S 1995 J. Comput. Phys. 117 1

Liang Z, Tsai H L 2011 Phys. Rev. E 83 061603

Wang X, Cheng P, Quan X 2016 Int. Commun. Heat Mass
Transfer 77 183

Ziebland H, Burton J T A 1958 Br. J. Appl. Phys. 9 52
Calado J C G, Mardolacr U V, Castro C A N D 1987 Physica
A 143 314


http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.7498/aps.68.20182131
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.3321/j.issn:1005-023X.2007.02.002
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1103/PhysRevLett.96.186101
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1016/j.ijheatmasstransfer.2007.01.040
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.1063/1.3327931
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.7498/aps.62.110204
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.1038/ncomms7755
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.7498/aps.68.20181876
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.ijthermalsci.2012.04.009
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1016/j.jcp.2012.07.026
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.1103/PhysRevE.79.026312
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.6052/0459-1879-12-244
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2018.08.073
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.ijheatmasstransfer.2019.01.131
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1016/j.physe.2016.06.006
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1006/jcph.1995.1039
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1016/j.icheatmasstransfer.2016.08.006
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1088/0508-3443/9/2/302
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
http://doi.org/10.1016/0378-4371(87)90071-9
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. 69, No. 22 (2020) 224701

Molecular dynamics study of interface thermal
resistance in asymmetric nanochannel’

Mei Tao  Chen Zhan-Xiu' Yang Li  Zhu Hong-Man  Miao Rui-Can

(School of Energy and Environmental Engineering, Hebei University of Technology, Tianjin 300401, China)

( Received 2 April 2020; revised manuscript received 26 June 2020 )

Abstract

Heat transfer in a micro-scale system has less thermal inertia and faster thermal response, which has unique
advantages in controlling heat transfer. Interface thermal resistance is an important physical quantity that
reflects the heat transfer performance of the interface on a micro-scale. In this paper, the interface thermal
resistance os static fluid and flowing fluid in nanochannel, which are different in the wall temperature and
wettability, are studied by the molecular dynamics method. In the static fluid, the results show that the wall
wettability has a significant influence on the interface thermal resistance, and the stronger the wall wettability,
the smaller the values of interface thermal resistance is. For the walls with different temperatures, it can be
observed that the interface thermal resistance on high temperature wall is higher than that on low temperature,
when the wall wettability is weaker. On the contrary, when the wall wettability is stronger, the effect of wall
temperatures on the interface thermal resistance is negligible. An external force applied to the fluid domain
makes the fluid flow. In the flowing fluid, the results show that the variation of wall wettability and external
force can lead to the slip to different degrees at the interface, and the slip-induced frictional viscous heat is
generated at the solid-liquid interface, and thus increasing the fluid temperature and the heat flux of the
system. The effect of external force on the thermal resistance is limited by the wall wettability. When the wall
wettability is weaker, the increase of the external force will make the interface slip more easily and the thermal
resistance decrease. With the stronger wall wettability, it is difficult to make the interface slip obviously with
the increase of external force, and the influence of external force on interface thermal resistance decreases. The
heat transfer performance at the solid-liquid interface is related to the number of fluid molecules adsorbed on
the wall surface. The results show that in the static fluid, the increase of wall wettability will make more fluid
molecules adsorbed on the wall, and the arrangement becomes more and more regular, which causes the
interface thermal resistance to decrease and is beneficial to the interface heat transfer. In the flowing fluid, the
change of external force has less influence on the number of adsorbed molecules, and the wall wettability is the

main factor affecting the adsorption of fluid molecules on the wall.
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