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Method of Material-Stretching Mapping for Quantification of
Mixing Effect in Microchannels

Y. K Suh

Fluid flows within microchannels are characterized by low Reynolds numbers. Therefore the
effect of mixing is a crucial factor in design of the channels. Since the action of the electro—osmotic
or magnetic forces used in the mixing enhancement is usually periodic in the three-dimensional
channel configuration, use of the wvarious concepts of chaotic advection is reasonable in the
quantification of the stirring effect. In this paper, the details of the method of material-stretching
mapping is explained. The actual application of the method to the screw extruder is also presented.

Key Words: vto]=Z2 d(Microchannel), & &% (Fluid Mixing), 4 4% A} (Mapping of
Material Stretching), €& ©]F(Chaotic Advection)
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Schematic of Micro Flow System
(Flow Injection Analysis)

Separator

Fig. 1 Typical micro-flow system for micro-fluidic
devices(taken from Proc. 1lst Korea-Japan
Symp. Microsystem for Life Science and
Chemistry, 2003)
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Fig. 3 Deformation of the material line element

8x O after one period for (a) F-method,
(b) H-method and (c) P-method.
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Fig. 4 Ilustration of the interpolation method
used in  estimating the initial
line-element vector at the off-grid
point P.
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Fig. 5 Invariant manifold for 7T=3.9 obtained
by (a) the original method and (b) the
mapping method with grids 50x50.
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Fig. 6 Distribution of the local stretching
exponent A;; at m=25 obtained

numerically for T=3.9 with the mapping

method under the grids 100x100 by using
(a) P-method, (b) H-method and (c)
F-method. The values greater then 1.0
were colored white and those less than
-1.0 black.
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Fig. 7 Distribution of the local value of the

maximum stretching exponent (nk)/T
obtained numerically for 7=23.9 with the

mapping method under the grids 100x100
by using (a) P-method, (b) H-method and
(c) F-method. The values greater then 1.0
were colored white.
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Fig. 8 Numerical results of A,, the spatially

averaged stretching-exponent at the mth
period t=mT for T=3.9. Open symbols
denote the data given from the original
method with the grids 30x30, whereas the
solid symbols denote the data given from
the mapping method with the same grids.
Squares indicate the results with P-method,
triangles with F-method and circles with
H-method.

7t & & F31 F-Ho| /1Y & d7E d%3
# H-%o] 1 AFO]OM P-dd § e A
&3 gl A9 F= olfE Fojd H5Y
o AANA && + Utk & B y=a9 7
AlA BHE, of AN SEZE us T4 29
22(4 (1ba) #=x) 558 ZE AHAAN 4 =
£& g, mEtA, P-Hel AL of FAM gle
AAAY YAE AT 27 9AE GEE ¢ 7
A A &8 o olF Z7] $IX A '?JZ}‘:C’I
oz olFde 1 F7] ¢ FAAYHSE
ogA gz wig 2 EJNFE F UJE} tﬂr
gA AACNMY AFAFI AD $ ghel fidh g
H, F-ddAs g4&9 271 9 A o
A 1 F7] B¢ o JAE] URE HHZ FH &
22 EH/HA ZAANTEeRE EF FFo] dojuy
22 AAAAFE 5 &9 £ANE BY F Ho ¢l
ot ¥, H-H& o] F Wye F7o &£3nz F
Arole] k& HolA He Aotk a3y H-¥e &
#H7b o) P-yel o o 7l AFHE RolEXd
g olf= zotE R ggt

Fig. 95 I7¥ T AZAF A,S 11<m<209
10 #7) ¢ g F718T AFAANF A9 F#»
o] M2 AXAABRE A Aot P-HE Az
F7t F71ESFE HA FotA & FEE Holn F-H
2 FA Forete RY, 181 H-YHS dd3ez

'ram_\ﬁ.

[ Korean Sociely of Compitational Flids Engineenng |

P BV | L 1
50 100 150 200

1=

Fig. 9 Convergence of A, the time-averaged
stretching—exponent, upon the change of
the grid points for the mapping method;
T=3.9. Open squares indicate the results
with P-method, triangles with F-method
and solid circles with H-method.
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Fig. 10 Time history, during 4 periods of
T=3.9, of the total length of lines
starting at ¢t=0 from the regular grid
points. The dashed line is given from grids
2020, the dash-dot line from 30x30 and
the dash-dot-dot line from 50x50. Three
straight lines drawn parallel to each data
are used in calculating the stretching
exponent.
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Fig. 11 Poincare section obtained numerically for
T=1.5. In this plot 50,000 particles are
plotted given from 5000 periods’
computation for 10 particles initially
uniformly distributed along the centerline
x=0.5.

Fig. 12 Numerical results of A,, for T=1.5

with the grids 30x30. Open symbols
denote the data given from one-period’s
mapping tensor while the solid symbols are
from the three-periods’ mapping tensor.
Squares indicate the results with P-method,
triangles with F-method and circles with
H-method.
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Fig. 13 Invariant manifolds for 7T=1.5 obtained
numerically by using the mapping method
with grids 30x30. Each of these plots is
made by superimposing on theirselves the
last 30 periods’ vector plots taken from the
total 60 mappings. In (a), the mapping
tensor is given from the one-period’s
particle displacement, while in (b) it is
given from the three-periods’ displacement.
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Fig.14 A microchannel design to generate a
chaotic advection by using a periodic
forcing of electro~osmosis.
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