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B AR | LA B R A - [ AR 18] (4 AH ELAE L Nishikawa 255 DLBSHOCE: Ry SRl HE S, — 2
TUREHL T A SORE () 1 38 45 1 7. Rabideau 257 DL 4 Monte Carlo 75 ¥ Sy FEfi 1 37 485 50 %
JEZERAE T WA RIURE F R A2 4. FEAAT TS AY rh R ] B 40 ) 2 — W SR I R Z5 2R,
HME T A RUEE )R ] (9 R 1) B 400 .

#% T Boltzmann J7 % (lattice Boltzmann method , LBM ) DA HFE P 3 117 88, K AR WY 04714,
Sy T RESATAN 52 2 ik 5 KA WA P25 5 2% DEORL T TR A AWOULAE F , 7E0RE B PR , Z2 A0 240 73
AT T BB Ladd AT Aidun 25U R ER T LBM W URL R TR R AEAT T AT,
VTAEAE | — 2822808 Ladd (1977 3 FIME T Boltzmann M1 224 /R SE A& 2k | AT DIREELAE 2R 1)
- A B 45, Shinto 451 DK Ladd AR 5 4% F Boltzmann H1AY [ FH RERS I ZE &
K WH9E T RGO R 7 AT (R AR ) B A0 ) (H AN OL T PBR AR 7] B 40 i AR
TS50 AR AR UKL 8l F1 2785 7Y (fluid particle dynamics, FPD) i e 2R VR A AR A SR
AL A kv, AN AT AR T8 A A UKL, SRR TE 784375 I A 2l ) 24 AR LA T, JE 7 Ak
FRICHE B30 L4514, Onishi 251 1 S 7E 4k Shan-Chen ( SC) P 2 23 4% F Boltzmann 15571121 3L
fih 52T FPD ST Liang 552 MR IEAT T 58 36 04T 3 = 48, Hw 4 W46 T Boltz-
mann-TA [E AR (lattice Boltzmann pseudo-solid model, LB-PSM) . iX HL{fi F = 4 LB-PSM 5%
PR ] PR 1) B 40 .
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1.1 SC W45 & F Boltzmann &2

TE SC AR Hp | A b 21 2 1R 2530 o SO 7 %) 5 P50 B A PR (1) RHliaA n? (x,
1) Fn ¢ I o H0TE x A A3 A pR L 3X L o = R, B SRFRIRZLWE BIRh AR, 75 BANIHE 1K
TR T 0 (2, 0) B AT R g 22
n(x,1) = n"*(x, 1)

To'
R (1), 22 R ER TR R A, A 1 AR 3 PR st S R A A st i A T AR B ]
7, PURERS SRR P S A eR 0 L F7 U IEBVER T o 45 LIS J1 f, WsE ., RiFh
Hor B p, FIESEE u, N
Py =mgn, =m, 2, nl, p,u, =m, Y ne, (2)

Horp, m, B— Mk PR n, & o A RBURRE. D3Q19 AT no1 Ny

nir,eq =(1)l-n0(1 + 3(9;"71) + %(35"71-)2 -

n;(x +e,t+1) —ni(x,t)=— + F7. (1)

3 3(1
Sy (E-1) e =), (3)
Hih A 0, =1/3;0,=1/18,i=1,2,-,6;0, = 1/36,i =7,8,-,18 ¢, W ESHH L, L[]
HUEE v, Ry 25 20 RE (Y ST AT
v= X (Metite) [ 3 (Mt (4)
o T{r T T,,-

[FE, BIA T 415 o Bl 6 T8 (3 B 30 -V A 1 AR T A
fo=2 2 fre =0, () X 2 06 s(x +e)e. (5)
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X HIHRE p, = n,  WABOEESA G, (BTS2 OR8] A A B HE R 35 L 45 7€
G, JG T FIH Laplace & BRI H ARSI K J1. HORIEZBRE B 2 (1) h PP Syt
F? =3w,(e, -V, + 3ee,-¥,)-f /m,. (6)
1.2  #&F Boltzmann-{4 E k2]
LB-PSM S/ LA 1 R 20220 off A v R b
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T it I BRI (AR R, Pl 1 22 [ AR foRE o 6 o e 5 o o
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K& i b AR AT AEAE BAS v LAAAE B 5 0 6 0 0 0 0 0 0 0 0 0 ©
PRASURLNB 35X 5 Ladd 1 URLAE RIS AL, [ A4 R e
R R PSR e 1R R R
IRAKRBE R FBURTE ng(x) BRI XFFA20H model for a spherical colloidal particle
R M ER A AR ORI 2 ny(x) NBJLMA L X, suspended in a solvent fluid
BB 1 PRI

1.0, r <R -0.5¢,
ng(x) =10.0, r >R +0.5¢, (7)

1.0 - (r =R +0.56)/6, R-0.56<r<R+0.5¢,
L ¢ FRHEZA0 0 -8 R RERE , A SCBEE € = 1.0.r =[x — X, | HIXTBERS. 5 A BORL T 10
SRR ) () = mony () , el g A ABORE T i k., P TR R 3101
M = 4R my/3. 1632 Bh b B, [ (R Ok 7R AE 1 2 3, FLYE x b P8k v, 5
R V= 0 x r( 0 2 SRR R M) Z A0

Vix)=V, +V,. (8)

i B B oA B AU 0 JUART ey P Bl B RN e A 3 B S Ak an Ry R R A T AR

KAt .

X, Mav, 140

e " s :F’WZ : (9)
YRR 1 = MR /2 ,F R T 2 e e b 8 s S Fn 46
F=F°+F"+FC, T=T" +T°, (10)
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= (e p ) (e 2 ) o
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S(pot,(x,0)) _ pol,(x,0) —p,¥(x,1)

3 = I (12)
30 FEL ) 1 - A 1 0 51 - 8 1 A A T
[ =2 for +fs (13)
[ A O T oy 3 A A A R RE R T 28
d(psVs(x,0)) _ psVi(x,1) —psv(x,1) o fo (14)

St T

AT LUIER 5 e (14) B SR [R] 5802 RE RS R UE TR 4170 i sl A i AP () 5 ARG
LT ISR i AP (x) K/ FF SRR )
y Pty (X,1) —p,¥(x,1) _

T

o

AP"(x) =-

pSVS(x,t)T—pSV(x,w C_APY(x). (15)

PRI, 2SN EAORE - [) FAR LA JH o L f! i SRyl i v] DASF AR, [l 2 5 42 Ry b ~F A
B D [ A URE R 28 A T 4 7 A P RIRZS S TS A St s8] 7 g = 1. 0L Y MAR- [T ARt 1
LSRR AH AR T f & R ] SCBERS vt (R - S Ak AR B AR T B X

N = X fo == (x) Y Y 0.6, (x +e)e,. (16a)
MBI, ETE R ARLLSY o - HOFEF H1 0
fos(x)==¢ (x) z iwiGasz,//S(x +e)e,. (16b)

WA VA ST A R B, st 2 X o 20 B B K A SR gk M, Tl s e s E R G,
P, AEAR EAE B B o T R RORL - 8B B 45 y— S WIASSORE AT F©,T ¢ F" R T AT 7E
ng(x) # 0 MK sk AN

FC= X fe(x), T =3 rxfe(x), (17a)
F'=3% AP(x), T"=3 rxAP(x). (17b)

C&ZEEZANEFIUEY] T LB-PSM A IE AT SE 1k, AT DL R AR A0L 8 44 53 1e 20 52 A it - [ A
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2 BT RIWTSE

2.1 #EHEEBANBELLAK
ANIEL 2 (a) (b)) Bz, A0RL J] [ Ak T 7 o ) s B T VR PR 180 H T 24 ) Rl A A e
KL 25 F T K A4S HKF-J7 ) ANV ) 2R Tk g BRI R ) S 40 . PRI S T A SR R
B, 38 RO T BN Y Laplace J5 8, JFH FH S I 38, W] 454k T 3t A4 S T b 3 80K 1]
R B4l FUO
F=~-2my0Q,0,4K,(qL), r,<<L,i=1,2, (18)
TR, Q, =rsin(,) ,i=1,2 ZEME BT, HILTABEM PR R L A8k, Q, H
Ot 22 25 T O 125 — AT B RREE v, R o, S TABORE b = AHZk B4 i Ze AR AR A, B4
BRE ¢ =./(px —py)g/y + II/y , Hrp T J& 5 F B 1M 7= A2 1) 43 2 1 (disjoining pres-
sure) , YRR OEJERT, TT/y Al ZIEATE; K, B —BMEIE Bessel PREL MAP r, < L < g™ 551F
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T, HRE(18) i — R
F~-2uy0,0,/L, r<L<gq', i=1,2. (19)
K(19) BWRETEL ERMK T, F SRR L 5 L, 3258 2 9 J0RE ) 44 1) 6 40 77 1Y
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(¢) Geometry configuration for measuring the LCFs
B2 TR ) A ) S 9 LA 2
Fig.2 LCFs between two particles and geometry configuration for measuring them
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T SERHEE TR AR SR S T A U [R] R 1 T Al AT, 2 R R 0 SRR L R
A 850 Le AT A A, FRT B WL, E5E G = Gy = 1. 2 LI 9042 fik 1 (R PEIEIE ) . A& 2 ()
B U X, Y RN Z J7 18] F9A% T 50H 240 x 80 x 80, Z J7[i) I F My (- BE TR, X J7 161 K1 Y 5[] Sy J)
Wik B, ORI RIRE R L, 242350k R A P R X R Z a7 [ E AN B, Rk
WA, FEoNLI iR, BB E N 40 /T my, =my, = 1.0,mg = 1. 1. IE Gy, = 1. 8(F MK
Ty =0.072) L RBIRGERASW FY + F§ B R B0 )) FoLLESE 1000 250 FY + Fy 1Y
FEXS AR/ N T 0. 005% MU S, — AT 2 4 J7 8] 5 J7 I, BFR A OpenMP #E47JF
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Hr<L<<q'.XHEER=6,L/RN3 5|14, FEHIS A (18) Wl T AR 1 AR T A
TR T2 AR, PR X B SE Bond (ApgR> /'y, TSI 5K K 12 1) ¥k 0. 3, 7EE 3 1
S B 52 F R L/R AR AR a2 SR, B U X I 9 SR B A 2R T B ZR MG, ELRER
—1.02. HEAA T, JeiE 23 adjusted R-square 4 0. 981 4, [H I, Bl 2% 5 5L AR 38 A 26 %, IF
SR 19) Y 1L A HiX— 25 R/RAEEH] LBM Hig 43k K WAHRIE. #F— 2P Bond
BR 0. 4, BTN S SRR () 2 ML A an T 3 Hb 1 235 0 [ 0 R 26 T s IRV T AR TR R
JIf B LERPRE A -1.16 B 1. 0 R K. UL, 76 LA BT k5L Monte Carlo J7 1% Ay 3L Atk (g 5
YO e P AT AL B M LA L B KA T st R ] B4 1) B 41 7.

1.00
b ® bond number=0.3, LB-PSM
—— bond number=0.3, linear fitting
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Fig.3 The relationship between LCFs and normalized interparticle distance
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R F 200 100x 100 AT, UKL 248 R 30 6, It B0R H 0 B (100 +L/2
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i — 25 [ 5 PR B B AR SE 8 1) SE A ) F S5 3R T K STy IR R, GH T IR Gy T SEIIAN
[ R 5K 1. 5 S L/R =4 BF F 5y (R FL ORI B 21 05 I A 150 A5 R gl A1, 5
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0.988, KL AT Al LB-PSM AL 45 S v i 2k 1 5 2 T
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Lateral Capillary Forces Between Two Spherical
Particles: a Lattice Boltzmann Study

LIANG Gong-you', ZENG Zhong"*, ZHANG Yong-xiang',
ZHANG Liang-qi', XIE Hai-giong', CHEN Yu’
(1. Department of Engineering Mechanics, College of Resource and Environment Science,
Chongqing University, Chongqing 400044, P. R. China;
2. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University,
Chongqing 400044, P. R. China;
3. Department of Human and Engineered Environmental Studies, Graduate School of

Frontier Sciences, The University of Tokyo, Tokyo 1138656, Japan)

Abstract: A three-dimensional simulation study on the lateral capillary forces (LCFs) between
two floating and immersion spherical particles was carried out, using a modeling approach in-
troduced in the framework of Shan-Chen lattice Boltzmann model for multi-component fluids.
Solid-fluid interactions and wetting property of a colloidal particle could be taken into account
at the mesoscopic level using a simple manner. Results show good agreement with theoretical
results, and the so called “1/L” theory is demonstrated. At the same time, the linear relation-
ship between immersion LCF and fluid interfacial tension for fixed interparticle distance is well
achieved. These demonstrate that the model is a promising tool for the simulation of phenome-

non such as self-assemblies of colloidal particles.

Key words: lattice Boltzmann method; solid-liquid two-phase flow; lateral capillary forces;

hydrodynamic interactions



