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particle 1.
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< 1.0 particle penetrating the wall; ¢ = 1.0 particle sub-

merged in wall.
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Fig. 6. Comparison of LWNM and theoretical results (tem-
perature and density).
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Fig. 7. (a) Microstructures on surface affect the hydrophili-
city; (b) LWNs (grey arrows) of surface with microstruc-
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2) 5 2%l iA . AR 2 T 2 B LA AR
S22 M, 4o SURIE 4R I 45 P Y IR 3
TR0 B P B B A8 B A . AL XU R 1) L
AH AP AL 402 DPD By &5 2 —, ZE4000
REFL K B Rl F e LB L E Mok Z 8], B 5
&AM DPD, 4h DPD J2&—Fki 1 ik,
PERALL IR 5 A ) AR B R0, S 2 ~FIE 2
A, FTLA R GE IR A8 3 21 52 e i A A AH DA )
TR XSl DPD A iE A HE SR T 204t A AR
KB, 21 40 OBl o 4 RR B ) % e =

140204-6


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. 68, No. 14 (2019) 140204

BN =AW B 5 — I B A g,
fiff DR T 20 1 A 1] S8BT, G55 £ 40 L ) A TR R
J&, I ik e BRLAS 21 240 f A R B B b 1 3l ) 2R 4T
Ry 27 5 T R B B A LI A, B OCE PN
Y M Z () W AE BV, B R ARAT M i R4 AT
iy 2815 5 = B Bt TE S Y RS B O T R B B, AL
Kt I LL A AR ST T A I s TR, L AnAs At
s By UIR  iE sh AT R A PO ZERTIANBY B, 2140
Ji— AR A T ICRR KA Z R A e v, a2 7 a7
PR IRAE R R AESE =N BO a0l Y
MAEFAR B, HE A as 20 S 328 | DL 3
FESE. XA A4 I B S LA R A TR, RN A S
)i P4, R A RE S A B B2 2= o T A T
IR R B TR —.

8 R T i LWNM i 5oy i k742 J
A A B S . B S B AT I A A XA AR
AU CAD BRZeH, 302 i G IR R B 5 5%
AT, WNIEL 8(a) FIE 8(b); RJE M ZAEY 17
AT B, T PR DR T a5 IO XoF g ey - ABE 76 e iy
TR, XA AL PR R T2 AR, B T LA A
Xof [ Ao 1 B AR R AU Ok 15 21, WE 8(c);
I S b [ RORL B R AR L i, B AT At
DPD 45 () [ R BE A AL, 4n & 8(d). et A
SRR SRS, I V0 4 R AL A AR 220 1Y [ A
A LSBT .

B8 BRI I JR Bk 1) ek 9 A

Fig. 8. LWN generation in complex blood vessel.

PR U v B A I 3 i B A R 2 e )
43 LA, AR LWNM 1 A 37 A8 T
— IR IE. Joidid D FE /R iiZk2x il TIU
JEARI AR, SRR i A i B AR I I 28
I8, G H I RBE DR T BRI AN 25 18], PR

FH LWNM i1 5t 5 A PR B8 30 A2 AR - 911
BRI B TV I A, WO R ] MDPD B A #5294
ZHh Ay = 40, By = 25, r; = 0.75, [E-K 2 [A]
MISEL Ay = 12, BEHRIEIH Al A 298 130°.
FEANWEHE 1607 A~ DPD i T4 B 5E S
XY ()P o 1A B K, T RE TR A o 1
LR, FRAE TR N5 TR HOGIR, AR 8 T s
B RUR, fefeTE 530 E 9.

= ==Y

.‘.' \‘%_ J’f’

2

|
™

K9 N LWNM SEBUE R 7E TIU(R 3R BRI
HEEPIEE)

Fig. 9. Droplets in TJU (Tongji University) shape tube
with LWNM.

B2, SR 2 W, oo ol R 0 )4 T TR
AR, LWNM i1 F4b #7747 2 30 T AR 8 1) 3
RE T, WM s e B A DR O i A AR
PIBFEEAL T J1 0 B

5 & W

AR SCHE H — 3 FH 42 2% JLART B T 114 301 5 2%
P LWNM. %5 325 380 2 % BE ks 1 (14 J& FBDRE T
A7 B VAT, A5 3 BE T Je s A i i, AT
TE AR - 25 375 BE [T (AL o] 52 00 067 1 BB 1
J7 1015 38 5 R AR A JE] PRl [ AR R 2 Bk )
W AR T 75 B 2 gl e T, a0 SR AR T 1Y
o RFBENIA N AR L 205835 Bk, IR 4 RE
F4) JRy A ) e it o e EBE T 1) SN AVE 7 TR
TR [ R 22 8] R ) B R S TG T A i A
%1, il 3T Poiseuille i - BIHIER] T LWNM i 7
A AT AR B0 B TOUE A 25 1, HRE H (bt il B
T R I SR 14 28 BRI B 30 5 S8 S B A e 2
T A 2B B, R T LWNM X221 Y
J R R

140204-7


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019) 140204

S 30k

[1] Hoogerbrugge P J, Koelman J 1992 Europhys. Lett. 19 155
[2] Espatiol P, Warren P 1995 Europhys. Lett. 30 191
[3] Groot R D, Warren P B 1997 J. Chem. Phys. 107 4423
[4] Xiao L L, Chen S, Lin C S, Liu Y 2014 Mol. Cell. Biomech.
11 67
[6] Xiao L L, Liu Y, Chen S, Fu B M 2017 Int. J. Comput.
Methods Ezp. Meas. 6 303
[6] Arienti M, Pan W, Li X J, Karniadakis G E 2011 J. Chem.
Phys. 134 204114
[7] Lin CS, Chen S, Xiao L L, Liu Y 2018 Langmuir 34 2708
[8] Wang Y X, Chen S 2015 Appl. Surf. Sci. 327 159
[9] Lin CS, Chen S, Li Q L, Yang Z G 2014 Acta Phys. Sin. 63
104702 (in Chinese) [MURER, BRI, 2500 B, #ERI 2014 88
4% 63 104702]
(10] Reddy H, Abraham 2009 J. Phys. Fluids 21 053303
[11] Chen S, Jin Y B, Zhang M K, Shang Z 2012 J. Tongji Univ.
01 137 (in Chinese) [BRH, 4305, sRWIAR, M 2012 AR
224 01 137]
[12] Kang S H, Hwang W S, Lin Z, Kwon S H, Hong S W 2015
Nano Lett. 15 7913
[13] Liu M B, Liu G R, Zhou L W, Chang J Z 2014 Arch. Comp.
Meth. Eng. 22 529
[14] Kreder M J, Alvarenga J, Kim P, Aizenberg J 2016 J. Nat.
Rev. Mater. 1 20153
[15] Revenga M, Zuiiga I, Espafiol P 1999 Comput. Phys.

(16]

(17]
(18]

(19]

20]
21]

[22]
23]
[24]

[25]
[26]

27]
(28]

(29]

140204-8

Commun. 121 309

Xu S F, Wang J G 2013 J. Zhejiang Univ. 47 1603 ( in
Chinese) [0, TEAM 2013 Wi K244 47 1603]
Mehboudi A, Saidi M S 2011 Scientia Iranica 18 6

Liu M B, Chang J Z 2010 Acta Phys. Sin. 59 7556 ( in
Chinese) [XIIRR, #EE 2010 YFLEHR 59 7556)

Li Z, Bian X, Tang Y H, Karniadakis G E 2018 J. Comput.
Phys. 355 534

Pivkin I V, Karniadakis G E 2005 J. Comput. Phys. 207 114
Duong-Hong D, Phan-Thien N, Fan X J 2004 Comput. Mech.
35 24

Lei H, Fedosov D A, Karniadakis G E 2011 J. Comput. Phys.
230 3765

Ranjith S K, Patnaik B S V, Vedantam S 2013 J. Comput.
Phys. 232 174

Sigalotti L D, Klapp J, Sira E, Meledn Y, Hasmy A 2003 J.
Comput. Phys. 191 622

Liu T, Kim C J 2014 Science 346 1096

Malouin B A, Koratkar N A, Hirsa A H, Wang Z 2010 Appl.
Phys. Lett. 96 234103

Fedosov D A, Caswell B, Karniadakis G E 2010 Comput.
Meth. Appl. Mech. Eng. 199 1937

Xiao L L, Liu Y, Chen S, Fu B M 2016 Cell Biochem.
Biophys. 74 513

Ye T, Phan-Thien N, Khoo B C, Lim C T 2014 J. Appl.
Phys. 116 124703


http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/19/3/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1209/0295-5075/30/4/001
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.474784
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1063/1.3590376
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1021/acs.langmuir.7b04162
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.1016/j.apsusc.2014.11.148
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.7498/aps.63.104702
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.1063/1.3134044
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.3969/j.issn.0253-374x.2012.01.025
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.1021/acs.nanolett.5b02946
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.3785/j.issn.1008-973X.2013.09.014
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.7498/aps.59.7556
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2017.11.014
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1016/j.jcp.2005.01.006
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1007/s00466-004-0595-8
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2011.02.003
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/j.jcp.2012.07.046
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1016/S0021-9991(03)00343-7
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1063/1.3442500
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1007/s12013-016-0765-2
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
http://dx.doi.org/10.1063/1.4896358
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. 68, No. 14 (2019) 140204

New dissipative particle dynamics boundary condition for
complex geometry’

Lin Chen-Sen!  Chen Shuo!?f Xiao Lan-Lan?

1) (School of Aerospace Engineering and Applied Mechanics, Tongji Univesity, Shanghai 200092, China)

2) (School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)
( Received 11 April 2019; revised manuscript received 5 May 2019 )

Abstract

Dissipative particle dynamics (DPD) is a thriving particle-based simulation method of modeling mesoscale
fluids. After two decades of evolution, DPD has shown unique advantages in researches about polymer, red
blood cell, droplets wetting, etc. However, DPD is limited to relatively simple geometries due to the lack of a
satisfactory boundary method. In this paper, we propose an adaptive boundary method for complex geometry,
which fulfills the three basic requirements of boundary method: no penetration into the solid, no-slip near
boundary, negligible fluctuation of density or temperature near boundary. Specifically, first, a new vector
attribution is added to each solid particle, the attribution is named local wall normal (LWN) attribution and it
is a function of its neighbor solid particle’s position, the LWN attribution is used to correct the penetrating
fluid particles’ velocity and position and is computed only once if the wall is stationary. Second the surface wall
particles are identified by neighbor solid fraction (¢), which indicates the percentage of surrounding space
occupied by solid particles, then the wall is reconstructed by only the surface particles instead of all solid
particles. By doing so, the redundant bulk particles are removed from the simulation. Third, it is detected on-
the-fly whether the moving fluid particle penetrates the wall by computing its ¢, the fluid particles with ¢
greater than 0.5 are considered to enter into the solid wall, their position and velocity will be corrected based on
the local wall normal attribution. We verify that the method causes negligible density and temperature
fluctuation in Poiseuille flow. Then, we illustrate the implementation of LWNM in the cases of complex blood
vessel network and micro-structured surface. With this method, the obstacles in flow are no longer restricted to
shapes described by functions but can be generated by CAD software, and blood vessels can also be generated
by CT scan images or other experimental data. Moreover, we show a case with a bent tube and droplets inside,
demonstrating the practicability of constructing complex geometry and the effectiveness of LWNM. This new

boundary approach empowered DPD to simulate more realistic problems.
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