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Fig. 1 The conformation evolution of macromolecules

passing through a straight micro-channel at (a) ¢ = 0 and

(b) t = 4000 with nChain = 60 and ChainLen = 30
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Fig. 2 Velocity, density and temperature profiles across the

slit with different number of macromolecular chains nChain =

0, 30, 60, 90 and chain length ChainLen = 30
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Fig. 3 Velocity, density and temperature profiles across the

slit with the same number of macromolecular chains and different
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Fig. 4  Velocity, density and temperature profiles across the

slit with same volume fraction of macromolecules ( ChainLen =
30, nChain = 60 versus ChainLen = 60, nChain = 30 and
ChainLen = 30, nChain =90 versus ChainLen = 90, nChain
=30)
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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) ¢ =
0 and (b) ¢ = 4000
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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 micro-channel at ¢ = 0

and 4000 with nChain = 60 and ChainLen = 30; (a) ¢t = 0
and (b) ¢ = 4000
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Fig. 8 Velocity, density and temperature profiles at different x
across the periodic sloping contraction micro-channel at ¢ =
4000; (a) nChain = 0, ChainLen = 0 and (b) nChain =
60, ChainLen = 30
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DISSIPATIVE PARTICLE DYNAMICS SIMULATIONS OF
MACROMOLECULES IN MICRO-CHANNELS

Lii-wen Zhou', Mou-bin Liu', Jian-zhong Chang’
(" 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-linear 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



