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Fig. 5 Cconformation evolution of macromolecules passing
through the periodic quadrate contraction micro—channel at ¢ =
0 and 4000 with nChain = 60 and ChainLen = 30 (a) t=
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Fig. 6 Velocity density and temperature profiles at different x

across the periodic quadrate contraction micro-channel at ¢ =
4000 ( a) nChain = 0 ChainLen = 0 and ( b) nChain = 60
ChainLen = 30
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Fig. 7  Conformation evolution of macromolecules passing

through the periodic sloping contraction microchannel at 1 = 0
and 4000 with nChain = 60 and ChainLen = 30: (a) ¢t = 0
and ( b) ¢ = 4000

30 t =0 t = 4000

Fig. 8 Velocity density and temperature profiles at different x

across the periodic sloping contraction microchannel at ¢ =
4000: (a) nChain = 0 ChainLen = 0 and ( b) nChain =
60 ChainLen = 30

x =16.5



726

2012

[ B VS I S

O 0 N

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25

-25.5 x =-16.5

=
I

-16.5

=
I

( DNA)

REFERENCES

“« »

Rapaport D C. The Art of Molecular Dynamics Simulation. 3" ed. Cambridge UK: Cambridge University Press 2004.4 ~8

Hoogerbrugge P J Koelman J. Europhys Lett 1992 19: 155 ~ 160

Groot R D.J Chem Phys 1997 107(11) : 4423 ~4435

Chen Shuo( ) Zhao Jun( ) Fan Xijun( ) Wang Dan( ) . Bull Sci Tech(

Bai Zhigiang( ) XiaYuzheng( ) Shi Shuxian ( ) Guo Hongxia(
2011 (5):530 ~536

Fan X Phan-Thien N Yong N T Wu X Xu D. Phys Fluids 2003 15(1):11 ~21

Groot R D.J Chem Phys 2003 118(24) :11265 ~ 11277

Groot R D. Langmuir 2000 16: 7493 ~ 7502

Dzwinel W Yuen D A Boryezko K. J Mol Model 2002 8:33 ~35

Tanaka H Araki T. Phys Rev Lett 2000 85: 1338 ~ 1341

Schlijper A G Hoogerbrugge P ] Manke C W.J Rheol 1995 39(3) :567 ~579

Venturoli M Smit B. Phys Chem Comm 1999 10:45 ~49

Liu M B Meakin P Huang H. Phys Fluids 2006 18:017101 ~017114

Liu M B Meakin P Huang H. Water Resour Res 2007 43(4) :44114 ~ 14

Liu M B Meakin P Huang H. J Comput Phys 2007 222:110 ~130

Chang Jianzhong( ) Liu Moubing( ) Liu Hantao( ) . Acta Phys Sin(

Fan X Phan-Thien N Chen S Wu X Ng T Y. Phys Fluids 2006 18 063102

Larson R G Hu H Smith D E Chu S.J Rheol 1999 43:267 ~ 304

Frisch U Hasslachcher B Pomeau Y. Phys Rev Lett 1986 56( 14) : 1505 ~ 1508

Chen S Doolen G D. Annu Rev Fluid Mech 1998 30:329 ~364

) 2006 22(5) :596 ~ 602

) . Acta Polymerica Sinica(

) 2008 57(7):3954 ~3961

Pan H Ng T Y Li H Moeendarbary E. Sensors and Actuators A: Physical 2010 157(2) :328 ~335

Espanol P Warren P. Europhys Lett 1995 30(4) : 191 ~ 196

Liu G R Liu M B. Smoothed Particle Hydrodynamics: A Meshfree Particle Method. Singapore: Word Scientific Printers 2003. 149 ~ 153
Liu Moubin( ) Chang Jianzhong( ) . Acta Phys Sin( ) 2010 59(11):7556 ~7563

Groot R D Warren P B.J Chem Phys 1997 107( 11) :4423 ~4435



7 : 727

DISSIPATIVE PARTICLE DYNAMICS SIMULATIONS OF
MACROMOLECULES IN MICRO-CHANNELS

Lii-wen Zhou' Mou-bin Liu' Jian—zhong Chang2
(' Institute of Mechanics Chinese Academy of Sciences Beijing 100190)
(* School of Mechatronic Engineering North University of China Taiyuan 030051)

Abstract The transport and conformation of macromolecules in micro-channels were studied by using the
dissipative particle dynamics ( DPD) and finite extensible non-inear elastic( FENE) bead spring chains
model. The dynamic behavior of macromolecules with different numbers of beads and different chain lengths in
three kinds of micro—channels straight quadrate contraction and sloping contraction micro—channels are
comparatively analyzed. It is found that macromolecules are mainly concentrated in the middle of channels.
Macromolecules located near solid walls are stretched better than those in the middle of channels which are
usually coiled. The shape of micro-channel can influence the conformation and transportation of
macromolecules. Straight channels can well stretch the macromolecules. Quadrate contraction channels can have
negative effects in stretching the macromolecules with possible circulation flow at the corner areas. While the
behavior of sloping contraction channels is between that of the straight channels and quadrate contraction
channels. It is also found that macromolecule chains do not influence the temperature distribution and
evolution. Instead macromolecular chains have remarkable influences on the density and velocity distribution

while the distribution and conformation of the macromolecules are closely related to the shape and geometry of
the micro channels. The macromolecules tend to drag the simple DPD particles reducing their velocity and
leading to density fluctuations. The dragging effect is more important as the number of macromolecules or the
length of the macromolecular chain increases.

Keywords Dissipative particle dynamics Macromolecule suspension Micro channel flow



