¥ Acta Phys. Sin. Vol. 61, No. 6 (2012) 064704

SR BE FAR SR T Bk A B AERORL 130 1 L

sl it

AERD Ak e

D) (FAEREN B TSR, KR 030051)
2) (P ERER S #EHFTAT, b5 100190)

(2011 4 6 A 10 H¥®); 2011 ££7 A 12 AWEIESR)

K HA RN T 30 J1 % (dissipative particle dynamics, DPD) 7732, Xt % AT AR (8] AR 2 = 3Rk 34T 7 &
B FIEAT PR i B P ETPIRES 5 45 DPD KL T A /R, A EAR R IXEHNS 1R sh Fish, 3k % 5 di4 lakik
KT B 45 DPD BLFRAB 2. FishikBIR 4 KEIE, W EREERE T K2 H, H it EREME RS, 5
BRH R CBR AT T Xt . 58 R W, 7 Re < 100 MTEE A, DPD Hikge R ERE N EE, EBR AT EER

o, BT RANESENFEOCHES RURER.

KR UK, RT3 %, AR H
PACS: 47.61.—k,47.11.—j

15 =&

HRENMRETHREER ZHEETH
RAM I @&+ 123, ZARRIBRIE S &
B EEIRNAPEFEENHIRME, o
LU B R . 2R BESK A NE B KM
B 48, BFEENFRMTHE %, MBRE - Bz
RS, BRbr - P& B H AR, BRI RREE
N, B4, BRI SIS BRI 718
W, it BE — N EERER, XA T —ERELA
Bk, A BEZI E WL N SR B M4T. BT
g B2 R, HRTEARER NS FI8
B R O 43 A 32 R Ak 3 P AE AL B0 ) SE B )
B A THRMBARZEMAMREHEU T ED
BEE R, i HEHEERL (direct numerical simu-
lation, DNS). W3 /K228 5% (lattice Boltzmann
method, LBM ). Y ¥ F3h 71 % 5 ¥ (smoothed
particle hydrodynamics, SPH). ¥ 8k F5h 1) % 7
% (dissipative particle dynamics, DPD) %. DNS J5
ERE TR PG 48 /N Bk R ~F UL R TR BT,
PURL 7 48 A BRARAR, SR 2 A R, T
RBIRREAVEE DR RS, 22N T
EFAFHR KRS HE -8 HeiE

« BR BRF¥ES (S 50976108) 7 B (1.
1 E-mail: lht@nuc.edu.cn

© 2012 PEYEHFS Chinese Physical Society

o, T — AR P K A AR S AN B AT
MR BB RIS, 2T M TR IE R T BRH
wH&; LBM & AT N A T £ R3OS i 53
RO, (BB AR 77 ) RS 2 P A% 7 v
R PR ), SPH 757 H B S B B 4% S H
FRHTER RO, FEs— PN THMRE FIEE
A FRIE SRR 101 DPD J7 ik AR T i
— BRI R R AR, Xk FRERE T2
T, BRaT LURAE 5730 B AY, 0] DL 24 (508 ki
WHI T % iE, BRCT ENATE Rk
BB R G, MEEY. B FER. Kk, M
8 R AR AR 12.13],

FE BLKL T 3 51 % & B Hoogerbrugge
1 Koelman'¥! 7ERF X B 3IAM, BR¥IR AT
FF R lattice-gas J7VETE VBT AASN J7 5 5 TH FILH,
(7] B 38 G4 S AEAR T L [ 1516, gt A T
FTNHFE BFRAMPINEF - BUREBHIE
B, A T 4R R SR B AZE, Espanol!'®) K BLEE
HL A3 B BRI BE B 7 8 B0 DL R FE B80T BURR SR B AL
JIRURR B A R — B K R, 5 Marsh % 17
B T ERSTHah 1% E8. 7 Espanol F1 Warren
%t DPD J5 ¥ 2§33 §ij, Hoogerbrugge A1 Koelman &
WIWT T s sh i il — AN B A 7 BRI B, [

http: //wulizb.iphy.ac.cn

064704-1



¥ E ¥ ActaPhys. Sin. Vol 61, No. 6 (2012) 064704

FEZ 3 [ 8,17, H 5 Sangani 1 Acrivos!!8! 8
AT T X, B RRR T @A R ERENE
P, J B R 1 R AT UL 2B, Boek & 191 S+ E T
BIERIERE. . BERFY. Espanol A Warren
Xf DPD HE#MATRIERS, B HMHF N EEHK
"2 KA. Boek Schoot(2?! E i DPD 5 i ¢t it 4&
Wt AR RAERESBAT TR, GRRPEAN
MRETALEEBRINTENR S, A% DPD
B BB E BRI TT4T 1, Chen 2 21, Kim
A Philips(??) %R AL BRAK R R A BT T HHE,
SRRACEFRBER T BB N E, £
REREST, B TR A 481 S BOHE AR
AXKHAFEBH T FHE BIL R
) Poiseuille il in] B UE T 7 LAl 47 4
FAERAME, X =B AT E R B R BN AT T
T, BB TRETERIEEAMBRIE R,
HERHBMAER AT TR

2 DPD ik B5#K

3L DPD 75k RIEEA BAR . 25105 12 R Bl
JTIEE 2 WICHR [12, 23], A SRR A RFE R ALER

SRR A Y
— /
W) = e = { T TS g
0 T 2 Te,

H, ro HEPE, BT - RFEAEBEAEEER
HEBEFROBEA. BB RBABENH
WERECR A LR, 544 7RI &E
B (1—r/ro)? FHE, TR E R M HEE R, R
# Groot 1 Warren FIBF5T (24, 213 3E 44 S, W LA
3% DPD REMs HHESHh:

¥ RARY
_ 315kpT |
"~ 64myprd’
NEE
_ pD | 5121myp°rc5
2 51975
i B S
2 4
Sem Ly (2rvory)

2 1999kpT
BHFEFRAKN DPD 2H KA SH W
£ 1 iR, WWECR B IER Velocity-Verlet 5% (23]
HEATI A 57, B ]2 KEY 0.02. X345 HE 911 5 45
R, wR AR, EE. EH. FE. BES Ko

F a4k 20 MET, 2 %454 200 M& T,
£ 400 A~ B 8] B AL X %88 T B I BOUE AT AR T

*1 HERIGHESH DPD 23

L2 L) SHE
REEE p 4
Br HhRH a 18.75
FERU R H ¥ 4.5
LIS ¢ 5 3.0
RORE kgT 1
THARS D 0.087
Eupak o3 7 24
HEERH Sc 6.89

3 Poiseuille 3 5 5] &

Poiseuille i 3/ ia) B 41, 547 4% (8] # 18
ZE z Fr. KADMA g = 002 FIEXENI
HEB, FERRs). WK EAE -30 < ¢ < 30,
-15<y<15 -15< 2 <15, Fz. y FEKEM
Bt R &M, 2 =152 = —15 FHEAER
BERLF. [ BE R F R AARL F 4R IR0 5L i
RME, RN FH N 21240, BEE K F
4 2160, 3BT Poiseuille Fi3h ) & 19+ & v] LAKYE
TRy ] SEME AR 1.

AT
7N
. 2 /1‘:',/ \\\x
& [4 S,

—~10

o

10

B wem sy e B R

AR [ AN ] B ) B8R f) 33 B 1 18 4 ) 1 B,
MEFTTLAE H, 7E 1200 M R4S, B B4
BRIFE 0 K RRM B, B B A B AL, 1 R A
AL, T BRI N-S J7 2T A

V, = 3.75 [1 _ (1"—5)2] , Q@)

5 1200 A~ B [6] 58 A7 6 32 5 0 T ST 4 — B, AE
BREMIEEEARNE SHTERBHE
RAFRFZE B2 HEFHBEESSENRLER
& ksT = 1 FA 5, ¥ HEERER S AE

064704-2



¥ F# | Acta Phys. Sin. Vol. 61, No. 6 (2012) 064704

SV EMRTEE p =4 th—2 B3 HitE
HIBTPIN 4 5 o W R G B, R LU, BR B T B
T, B4R DPD HHEKIBIYIN h B s, BEREANKX
HA BB THESERE e B QTR
TERE. RE. YN AEHBENE DPD i+
B NEBENIE, 5 DPD JiEAGH XK, Abxy
HHFR T HEFE R T — St i 29,

3

; {“i‘
-
.l

i *
4 1
bl
2 .
1
0 i
-10 0 10

B2 EETs WS s

—10 0 10

Bl 3 Poiseuille NP BIVIN S 43 Fi

4 WG = FRAE I R H

BT AR B & MBI X A —50 < = < 50,
—8 <y <8, —20< 2 <20, EBIXIBAE o, y /1A
AR R &AM, 2 = 20, z = 20 AT E R
BRI 7. ERFIRE 2 =0,y =0,z =0 K E,
B E—¥2H 2.8 WEFIEREER, AT P8R B 12000
AN 2R TR, RER B 384 ANE kLA, W
SR ZPAR [B1 B 145616 Nk Mk 4% B O
SEFR T RATE. SRR FIE z 7R BINAR K
INOT BRSNS g BB, TTLARBAE Re M0,
YRBNERN T RESE, Bl 1200 4N B B AL

Yy 8.4 x 10 S ERARE ), BRAKHOE ) el AL
AR E R T2 R AEE
PR B SERER KR, ZET3) J7 ) L ERAR B
BTN
Fo = sCoApU U], 3)

Hrp, Cp A NREG A AEE TR A _ERE
HHEAR; pr ATKHE R, U RBE o 77 L, BT
THRAEKEEEK.

HRAEEIFE S KRG, AL 2, J738 1E %) B
NPT ERTAE « TR R AME 2], A
B 3) T UE N

FD = %CDTLCprU |U| s (4)
AR (4) T LAB RIER A FH N R % Cp.

— XHER[25]
-~ 3R ([26]
+ DPDHfIIZEE

10° |#

)
el 2
S
-
16” 16‘ 162 10°
Re
B4 AREERAERERE T RE
3
abd AN AN
< Vi \
[ \ i \
oL \/
—20 —10 0 10 20

K5 EEBP OB R E

FER AR E BRI R s+, B T2
W&, BRAARE 17 27T B Batchelor(2®! 43

24
CD = E' (5
M4, # 4 Brown 1 Lawler(20] (1) 52 36 o6 BE =X,

£ Re < 2x 10° MV, AN RHE Cp A
Cp 24 1+ 0.150Re%-981)

:E(
0.407

1 ¥ 710/Re)’ ©)

064704-3



M IB S48  Acta Phys. Sin. Vol. 61, No. 6 (2012) 064704

—40 —20 U 20 40

K6 ok AERARE

WAL DPD HETHENERE (5) M (6) X4
Rt 4. NEFATLUEH, 7F Re < 100 178
E W, DPD AEHHEBBE DRSS 6) X0 6) R
BEFE, R DPD HiEREE SRl Re BREHIMR
FAE, ENRREMRIP, REHEEHR K
21K, Fitt DPD FiEv AR MABEMN MR ET
M sh al . E R BB S, BT AR RS
MEBHHERKATESR. B 5 hEERES
HEMEESE, BT 2 FR2 T 200 MEF5t

25 RHAT T, Rties 7 A EEEIH A 0, BH]
LAE WA SR T R B R AT AL B 6 DBk A
BAIATL, 7 Re BARES, BRI HEA iR L.

5 % #®

SRS = G BRAAHEAT T REBORL T 3h 1%
WA, H4 BT Poiseuille ) 1) 5T £ 81 56 BE
RHAT T X LB, B3 T BRI B2k, 3 E 4
1. SHRARARNEAN T ENS B, BRAR
FWHB TGRS, FHETRABB RS RERE,
A REPEE SRR G REH, £ %
HIEHTLE N, DPD FikfeEmtiH H H N &
¥, EBRAKFIELEH, B TRENESESBGHE
SGRHMER. IR WRE T ERFHR R
BT M.

[1] Zheng G B, Jin N D 2009 Acta Phys. Sin. 58 4485 (in Chinese)
REES, T4 2009 HFRH 58 4485)

[2] HaoPF, Yao C H, He F 2007 Acta Phys. Sin. 56 4728 (in Chinese)
UM 6, GhERRE, fTAR 2007 HIREER 56 4728)

[3] LiuM B, Meakin P, Huang H 2007 J. Compur. Phys. 222 110

[4] Cheng N S 2009 Powder Technology 189 395

[5]1 Gabitto J, Tsouris C 2008 Powder Technology 183 314

[6] FengJ, Joseph D D 1995 J. Fluid Mech. 303 83

[7] LiuHT, Tong ZH, An K, Ma L Q 2009 Acta Phys. Sin. 58 6369
(in Chinese) [¥IIX 3%, £ %8, &R, LEE 2009 W 58
6369]

[8] LiuHT, ChangJ Z, An K, Su T X 2010 Acta Phys. Sin. 59 1877
(in Chinese) [XJIL3&, HRE, LB, JFEkAE 2010 YE W 59
1877]

[91 Lim CY 2002 Phys. Fluids A 142299

[10] Monaghan J J 1992 Ann. Rev. Astron. Astrophys 30 543

[11] Liu M B, Liu G R 2010 Arxiv. Comput. Methods Engrs. 17 25

[12] Chang J Z, Liu M B, Liu H T 2008 Acta Phys. Sin. 57 3954 (in
Chinese) [# E 8, XA, XIIL# 2008 #1FRI 57 3954)

[13] Espanol P 1995 Phys. Rev. E: Stat. Phys. Plasmas Fluid 52 1734

[14] Hoogerbrugge P J, Koelman J 1992 Europhys. Lett. 19 155

[15] Koelman J, Hoogerbrugge P J 1993 Europhys. Lett. 21 363

[16] Revenga M, Zuniga I, Espanol P 1999 Compt. Phys. Comm. 121
309

[17] Marsh C A, Backx G, Ernst M H 1997 Phys. Rev. 56 1676

[18] Sangani A S, Acrivos A 1982 International Journal of Multiphase
Flow 8 193

[19] Boek E S, Coveney P V, Lekkerkerker H N W 1996 Journal of
Physics- Condensed Matter 8 9509

[20] Boek E S, Schoot P 1998 Int. J. Mod. Phys. C 9 1307

[21] Chen S, Phan-Thien N, Khoo B C, Fan X J 2006 Phys. Fluids 18
103605

[22] Kim J M, Phillips R ] 2004 Chem. Eng. Sci. 59 4155

[23] Liu M B, Chang J Z 2010 Acta Phys. Sin. 59 7556 (in Chinese)
[, W ER IS 2010 P 59 7556)

[24] Groot R D, Warren P B 1997 J. Chem. Phys. 107 4423

[25] Batchelor G K 1967 An Introduction to Fluid Dynamics (Cam-
bridge: Cambridge University Press) p120

[26] Brown P P, Lawler D F 2003 J. Environ. Eng. 129 222

064704-4



32 2 48 Acta Phys. Sin. Vol 61, No. 6 (2012) 064704

Dissipative particle dynamics simulation of flow
around a mesoscopic sphere with different
Reynolds numbers*

Chang Jian-Zhong")  Liu Han-TaoV"  Liu Mou-Bin®  Su Tie-Xiong"

1) (School of Mechatronice Engineering of North University of China, Taiyuan 030051, China)

2) (Key Laboratory for Hydrodynamics and Ocean Engineering, of Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

(Received 1 June 2011; revised manuscript received 1 July 2011)

Abstract
Dissipative particle dynamics (DPD) is used to investigate the flow passing through a three-dimensional sphere within two parallel
plates. The sphere and the plates are composed of frozen DPD particles which are in an equilibrium state. The fluid is driven by a
dimensionless external force exerting on each fluid particle. The force on the sphere is computed from the total particles consistituting
the sphere. After the flow is fully developed, the obtained results, including the force exerted on the sphere is computed, and then we
can calculate the drag coefficient. The accuracy and the reliability are compared with classical results. The results show that the DPD
method can predict drag coefficient accurately when Re is less than 100. However, when Re is bigger than 100, the results deviate

from analytical values, which is due mainly to the fluid compressibility.
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