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2DNA
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2 Passive micromixers
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! Sequential segmentation
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2 Focusing of mixing streams
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2 Active micromixers
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UDF that specifying a mass fraction dependent density and viscosity
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#include "udf.h"

DEFINE_PROPERTY (cell_viscosity,c,t)
{

real mu_lam;

real fi=C_YI(c,t,0);

mu_lam = 0.010151 *pow(fi,4.0) - 0.01578 *pow(fi,3.0) -0.0013323 *
pow(f1,2.0) + 0.007299 * fi + 0.0009145 ;

return mu_lam;

}
DEFINE_PROPERTY (cell_density,c,t)

{

real rho_lam;

real fi=C_YI(c,t,0);

rho_lam = 72.3 *pow(fi,4.0) - 131.2 *pow(fi,3.0) - 11.1 * pow(fi,2.0) - 136.2 * fi
+996.9;

return rho_lam;

}

55



Dlle s wlelas
Slonlais Coond (pl o Canl ooy plouil V& CBeld ] 1581 o 5 Jawgy (g3l 4l
® File....Read .... Mesh
® Mesh .... Check
® Mesh .... Change UNITES To mm .... Scale
® Define .... General .... ( steady, pressure based)
® Define .... Models .... Species .... Species transpot (on)

® Define .... Material .... Choose ( ethanol(l) and water(l))

® Define .... User-defined .... Function .... Interpreted .... Density and viscosity
UDFs

® Define .... Models .... Species transpot .... mixture property(Edit)
® Mixture species .... Water and ethanol

® Mixture density .... User defined

® Mixture viscosity .... User defined

® Diffusion coefficient .... 1.2 x 107°

® Define .... Boundary condition...

® Right inlet & left inlet (velocity inlet), outlet (out flow)
® Define .... Operating condition .... Gravity (on) .... -9.81 (z axis)

® Solve .... Method .... Scheme (simplec), Discretization ...Pressure

(standard) .... Momentum & Convection-Diffusion (Quick)

® Solve .... Control .... Under Relaxation Factors .... Default mode

® Solve .... Monitor .... Residuals (print, plot) .... Convergence criteria (1 *
107°)

® Solve .... Initialization .... Standard initialization .... Compute from left inlet

e Run Calculation

Y



ZA



#4



&b w54

1. Chih-Chang Chang, Ruely-jen, Yang, Electrokinetic mixing in microfluidic
systems,;2007.

2. S. Hardt, F. Schonfeld, Microfluidic Technologies for Miniaturized Analysis
systems,; 2007.

3. N. Nguyen , Z. Wu, Micromixers—a review, J. Micromech. Microeng. Vol.15, pp.
RI-R16; 2005.

4. X. Niu, Y.K. Lee, Efficient spatial-temporal chaotic mixing in microchannels. J.
Micromech. Microeng. Vol. 13, pp. 454-462; 2003.

5. A. E. Kamholz, B.H. Weigl , B.A. Finalayson, P. Yager, Quantitative analysis of
molecular interactive in microfluidic channel, the Tensor.Anal Chem.Vol. 71,
pp- 5340-5347; 1999.

6. Hessel, V. Hardt, S. Lowe, H. Schonfeld, Laminar mixing in drfferent interdigital
micromixers, 1. experimental characterization, J.AIChE,Vol. 49. pp.566-577;
2003.

7. P. Lob, K. Drese, V. Hessel, S. Hardt, C. Hofmann, H. Lowe, R. Schenk, F.
Schonfeld, B. Werner, Steering of liquid mixing speed in interdigital micro
mixers-from very fast to deliberately slow mixing, J. Cham Eng Technol,pp.
340-345 ; 2004.

8. Schoenfeld, F. Hessel, V. Hofmann, An optimized split-and-rexombine micromixer
with uniform chaotic mixing, J. Labon on a chip,Vol.4, pp. 65-69; 2004.

9. J. Branebjerg, Fast mixing by lamination Proc.9th IEEE Int. Workshop Micro

Electromechanical System (San Diego, CA), pp 44144, 1996.



10. N. Schwesinger, A modular microfluid system with an integrated micromixer J.
Micromech. Microeng. pp. 99—102; 1996.

11. B. L. Gray, et. al, Novel interconnection technologies for integrated microfluidic
systems, Sensors and Actuators, Vol. 77, pp. 57-65 ; 1999.

12. T. C. K. L. Tracey, M. C. Davis, J. B. and Johnston, continously variable mixing-
ratio micromixer with elastomer valves, J. Micromechanics and
Microengineering,Vol. 15, pp. 1885-1893; 2005 .

13. R. Miyake, T.S.J. Lammerink, M. C. Elwenspoek, , J.H.J. Fluitman, Micro Mixer
with fast diffusion, pp.248-253; 1993.

14. U. D. Larsen, W. Rong , P. Telleman , Design of rapid micromixers using CFD
Proc. Transducers’99, 10th Int.Conf. on Solid-State Sensors and Actuators
(Sendai, Japan) pp. 200-203; 1999.

15.J.B. Knight, A. Vishwanath, J.P. Brody, R.H. Austin, hydrodynamic focusing on a
silicon chip, mixing nanoliters in microseconds, phys Rev let, Vol. 80, pp. 3863-
3866, 1998.

16. H. Wang, P. Ioventti, E. Harvey, Masood, Optimizing layout of obstacels for
enhanced mixing in microchannels, J. Smart materials and structures , Vol. 11,
pp. 662-667; 2003.

17.Y. Lin, G. J. Gerfen, D. L. Rousseau, Yeh, Ultrafast microfluidic mixer and freeze-
quenching device, J. Analytical chemistry, Vol.75, pp. 5381-5386, 2003.

18. N.T. Minh, T. Dong, F. Karlsen, An efficient passive planar micromixer
withellipse-like micropillars for continuous mixing of human blood, Computer

Methods and Programs in Biomedicine, Vol. 117, pp. 20-29; 2014.

A



19. C. C. Hong, J. W. Choi, Ahn, A novel in-plane microfluidic mixer with modified
tesla structures, J. Lab on a Chip, Vol. 4, pp. 109-11; 2004.

20. R. H. Liu, M. A. Stremler, K. V. Sharp, M. G. Olsen, J. G. Santiago, R. J. Adrian,
H. Aref, D. J. Beebe, Passive mixing in a threedimensional serpentine
microchannel, J. Microelectromechanical; 2000.

21. Z. Lu, J. Mcmahon, H. Mohamed, D. Barnard, T. R. Shaikh, C.A. Mannella, T.
Wagenknecht, T.M. Lu, Passive microfluidic device for submillisecond mixing
, J. sensors and Actuators B:Chemical, Vol.144, pp. 301-309; 2010.

22. M. A. Ansari, Y. K. Kwang, Mixing performance of unbalanced split and
recombine micomixers with circularand rhombic sub-channels, Chem. Eng. J.
Vol.162, pp. 760-767; 2010.

23. A. Afzal, Y. K. Kwang, Passive split and recombination micromixer with
convergent—divergent walls, Chem. Eng. J. Vol.203, pp. 182-192; 2012.

24. N. Solehati , J. Bae, A. P. Sasmito, Numerical investigation of mixing performance
in microchannel T-junction with wavy structure, J. Computers & fluids, Vol.96,
pp- 10-19; 2014.

25. Sh. Hossain, Y. K. Kwang, Mixing Analysis of Passive Micromixer with
Unbalance Three-Split Rhombic Sub-Channels, Micromachines ,Vol. 5, pp. 913-
928, 2014.

26. M. Nimafar, V. Viktorov, M. Martinelli, .Experimental comparative mixing
performance of passive micromixers with H-shaped sub-channels, Chem. Eng.
J. Vol. 76, pp. 37-44; 2012.

27.Y.H. Kai, Y. W. Chih, T. H. Yi, Fluid mixing in a microchannel with longitudinal

vortex generators, Chem. Eng. J. Vol.235, pp. 27-36, 2014.

(Al



28. G. Orsi, M. Roudgar, E. Brunazzi, C. Galletti, R. Mauri, Water—ethanol mixing in
T-shaped microdevices, Chemical Engineering Science, Vol.95, pp. 174-183;
2013.

29. M. Dizechi, E. Marschall. Viscosity of some Binary and Ternary Liquid mixtures,
J. Chem. Eng. Data, Vol. 27, pp. 358-363; 1982.

30. A. Soleymani , E. Kolehmainen, I. Turunen. Numerical and experimental
investigations of liquid mixing in T-type micromixers, Chemical Engineering
Journal. Vol. 135, pp. 219-228; 2008.

31. N. A. Mouheb, T. Henkel, Numerical and experimental investigations of
mixing in T-shaped and cross-shaped micromixers, J. Chemical
Engineering Science Vol. 68, pp. 278-289; 2012.

32. W. Wang, S. Zhao, T. Shao, Y. Jin, Y. Cheng, Visualizationofmicro scale mixing
inmiscibleliquidsusingl-LIFtechniqueanddrugnano-particle preparationinT-
shapedmicro-channels. J.Chem.Eng.Vol. 192, pp.252-261; 2012.

33. D.D. Joseph, K. Nguyen, G. S. Beavers, Non-uniquenessandstabilityofthe
configuration of flow ofimmiscible fluids withdifferentviscosities. J. Fluid

Mech. Vol. 141, pp. 319-345; 1984.

\A¥



(A



ABSTRACT
Compared to conventional macroscopic methods, microfluidic devices have the
advantages of reduced solvent, reagent and cell consumption, shorter reaction
times, portability, low cost and low power consumption. This study propose two
novel generation of three Dimensional splitting and recombination passive
micromixers (the longitudinal and cross-sectional unbalanced micromixer) that
are designed based on the H-shaped balanced micromixer geometry. Numerical
simulation were performed to study the mixing dynamics of two miscible
liquids(water & ethanol) in all three types of micromixers and results compared
with the previous well-known H-shaped balanced micromixer. Laminar flow
regime, incompressible, steady and no-slip velocity are Assumptions that govern
fluid flow. It was found that mixing index and pressure drop are significantly
affected by the unbalancing and depends on Reynolds number (inlet velocities).
increasing the Reynolds number will increase mixing index, at Re=100 the
mixing index of the cross-sectional unbalanced micromixer is more than 90%
while at Re=20 this is less than 70%. Creating an unbalanced flow will increase
mixing index, however, cross-sectional unbalancing is more effective than
longitudinal unbalancing, at Re=100 the mixing index of the cross-sectional
unbalanced micromixer has increased about 30% compared to the H-shaped
balanced micromixer. Numerical results show that increasing the Reynolds
number will increase pressure drop of all three types of micromixers. Compared
with each other, the longitudinal unbalanced micro mixer and the H-shaped
balanced micromixer with equal pressure drop, have 25% lower pressure drop

than the cross-sectional unbalanced micromixer.
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