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Brownian Dynamics Simulation of the Influence of Hydrodynamic
Interaction on Particle Coagulation

LI Xu XU Sheng-Hua SUN Zhi-Wei "
(Key Laboratory of Microgravity (National Microgravity Laboratory), Institute of Mechanics,
Chinese Academy of Sciences, Beijing 100190, P. R. China)

Abstract Brownian dynamics method was used to simulate the influence of hydrodynamic interaction on the
suspension particle coagulation process in a dilute solution. In the simulation, the possibility of one particle colliding
simultaneously with more than two particles was ignored and results from previous studies concerned with the
hydrodynamic interaction between two particles were used. Our simulations confirm that the hydrodynamic interaction
slows the coagulation process down greatly and this is an important reason for the experimental values of the
coagulation rate being significantly less than those predicted by Smoluchowski theory. In addition, the particle
coagulation process was simulated under varying conditions of combined two factors: gravity and hydrodynamic
interactions. Results of how each factor affecting the particle coagulation process were obtained when the two factors
were coupled. The mechanism responsible for these effects is discussed from a dynamics point of view.
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Fig.1 Diffusion coefficient changes with
the distance between two particles
u=h/a, h: the shortest distance between two particles’ surfaces, a: radius
of particle: D(u): the diffusion coefficient between two particles with
hydrodynamic interaction; Dy: the diffusion coefficient of single particle
without hydrodynamic interaction



2133

No.10
v __H, { _ 2a.a o 2a,a, + 32000 fo
A 6 h2+2alh+2a2h h2+2a1h+2a2h+4ala2 "] ¢
WP+2a,h+2ah } SsioL 0
I ( +2a,h+2ah+4a,a, ) (13) i .o
3 . a
H, Hamaker E = o
s 31000 b : 2 M
_8; " L ° -
) 2 - o
. 30500 - i
30000 : : s
0 100 200 300
s t's
__ Haa, (1 B2 BRBFROBEDNFERRETANBHY
=
6h(art+as) T SO B R E] 3L dh 2%
(a=a\=a,), Fig.2 Time variation of the amount of particles
simulated with ignoring (a) and considering (b)
H hydrodynamic interaction
T 12u (15 gy, ,
300 s ( 2 )
9 Y 2 b 9
2 a
v=2|Aplga*/9m (16)
Ap .8 ; ;
a=1.0 pm , Honig " Overbeek
7=0.10 g-cm™-s7, T=300 e
K. , )
9 Q
2 0=— 1 (17)
) a4 ] . y(w)exp{ Va(u)/ksT}du
s T ry<a+a;
y y J , y(u)=1,
_6u*+13u+2
, Y= 6u*+4u
Honig" 0
m a, a,=m"a; i 1.
Vi V,=mV, a V 1 ,
Honig " Kruyt®" Overbeek
1 Honig ¥l
Q
2 Table 1 Particle coagulation rate Q calculated from
2.1 Honig theory® and simulated from our program
(12) (15) O O’ [
32000 Honig theory 3.81 5.00 2.00
7 =1.35%107 5 ’ =5 55107 simulation 3.87 4.95 2.04
o=1.30% e, (;b— X ’ Q. calculated with hydrodynamic interaction, Q,,: calculated without
Hamaker H, hydrodynamic interaction, H,: Hamaker constant; "H, =107 J, **H,=0



Acta Phys. -Chim. Sin., 2009 Vol.25

2134
2 9
9
1 Smoluchowski 1 5 s
( ) ;
0=2. Hamaker H=107"17 , 3 .
0 3(A, B) ) 1 )
b 9
o Smoluchowski , , ;
b b
9 b b
> 5
9 b
Smoluchowski . . ,
2.2
[20]
b b
2 9 b
9
9
Honig s S
ol .
. 2 9
64000 R >
Z=2.7x10" cm™, p=1.1g- ,
cm™  p=1.0g-cm?, Ap=0.1 g-cm™, ,
Hamaker H=107"17,
10000 s. s
9 9 b
(4).(14) (16) ,
N
b
64N kKN f 1 64000 to N -0
" = (a) = (a)
\%‘ B . !hl -\“‘\ g a i | o (bl
B E«Jmu 2 s . — Z;.mmml L ., —
- -
48000 . 3 Sm 48000 = 278
i ¥ £ 36000 o k4 [ > 5 S60 2
o . E el B £ o
€ L zZ O = 5 YL
4 o . i i o
— [ ] 32000 — f 32NNk
= 32000 om 0 100 200 300 W SO0 S 33 - . — . re——
ot " o 2% o . 0N 200D 3N HM SN
b} o= S
- o = o . e
E - E -
-} o [ ] 3 2 [ ]
< o %y < L %5 . tE
16000 Qg Wi 16000 ° 5 .,
o, Ny oy GCDDn ",
(A) 05 ¢y (B) 004 g
0 2000 4000 6000 K000 10000 0 2000 3000 6000 3000 mtlm
tis tls

B3 115(A)F 5 H(B)ENFHT, F8(a)5 2 R(b)F MR F1 54 F IS B AL T 54 B 18] 2544 49 i 2%
Fig.3 Time variation of the amount of particles simulated with (a) and without (b) hydrodynamic
interaction under 1 time (A) and 5 times (B) of gravity condition
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