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Summary and Problem Statement:  
The advancement of micro- and nano-fabrication processes has provided great impetus to the 
development of MEMS (Microelectromechanical systems), LoC (lab on a chip), and μ-TAS 
(Micro Total Analysis System) based devices. The microfluidic control and mixing phenomena 
have contributed significantly to designing these devices for various applications including drug 
delivery, medical diagnosis, medicine development, and chemical reaction (Lee et al., 2011; Lee 
et al., 2016). The flow in microfluidic devices can be effectively controlled and mixing can be 
enhanced by introducing external interference in the flow (Hessel et al., 2005). The induction of 
flow disturbance through externally introduced electric field (Dutta et al. 2002; Cho et al. 2012; 
Yu et al. 2012), ultrasonic (Yang et al. 2000; Doinikov et al. 2018), random (DUPLAT and 
VILLERMAUX, 2008) or periodic (Truesdell et al. 2005; Li and Kim 2017) vibrations can greatly 
enhance flow control and chaotic advection. 
       This research proposal is targeted the development of microfluidic control and mixing models 
and conducting supporting fabrication and experimental analysis to validate proposed models. The 
proposal is aimed to develop hybrid designs of microfluidic control and mixing that consist of both 
passive and active control methods to synergize the performance of the system (Husain et al., 
2018). A three-dimensional numerical model used to predict fluid flow behaviour in microfluidic 
devices will be used to model active control of fluid flow and mixing with the help of electrokinetic 
equations and wall zeta potential and user-defined functions. The advective chaos can be generated 
and controlled through proper patterning of wall zeta potential under the controlled electric 
potential applied across the channel, which can be utilized to model the microfluidic control 
process.  
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Objectives:  
The main aim of the proposed research is the development of numerical and experimental models for 
microfluidic control and performance enhancement through a hybrid technique of passive and active flow 
control strategies. Further, the realization of the proposed models by fabricating and conducting 
experimental analysis, validation and optimization of the proposed model are the main objectives of this 
project. 
 
Tentative Methods of Approach:     
Numerical Modeling, fabrication and experimental analysis. 
 

 



Master and PhD Thesis Topic Proposal                                                                                                      

Department of Mechanical and Industrial Engineering                                                               Sultan Qaboos University 

References: 
Cho, C.C., Chen, C.L., Chen, C.K., 2012. Mixing of non-Newtonian fluids in wavy serpentine microchannel using 

electrokinetically driven flow. Electrophoresis 33, 743–750. doi:10.1002/elps.201100496 
Doinikov, A.A., Thibault, P., Marmottant, P., 2018. Acoustic streaming induced by two orthogonal ultrasound 

standing waves in a microfluidic channel. Ultrasonics 87, 7–19. doi:10.1016/J.ULTRAS.2018.02.002 
DUPLAT, J., VILLERMAUX, E., 2008. Mixing by random stirring in confined mixtures. J. Fluid Mech. 617, 51. 

doi:10.1017/S0022112008003789 
Dutta, P., Beskok,  a., Warburton, T.C., 2002. Electroosmotic flow control in complex microgeometries. J. 

Microelectromechanical Syst. 11, 36–44. doi:10.1109/84.982861 
Hessel, V., Löwe, H., Schönfeld, F., 2005. Micromixers—a review on passive and active mixing principles. Chem. 

Eng. Sci. 60, 2479–2501. doi:10.1016/J.CES.2004.11.033 
Husain, A., Khan, F.A., Huda, N., Ansari, M.A., 2018. Mixing performance of split-and-recombine micromixer with 

offset inlets. Microsyst. Technol. 24, 1511–1523. doi:10.1007/s00542-017-3516-4 
Lee, C.-Y., Chang, C.-L., Wang, Y.-N., Fu, L.-M., 2011. Microfluidic Mixing: A Review. Int. J. Mol. Sci 12, 3263–

3287. doi:10.3390/ijms12053263 
Lee, C.-Y., Wang, W.-T., Liu, C.-C., Fu, L.-M., 2016. Passive mixers in microfluidic systems: A review. Chem. 

Eng. J. 288, 146–160. doi:10.1016/J.CEJ.2015.10.122 
Li, Z., Kim, S.-J., 2017. Pulsatile micromixing using water-head-driven microfluidic oscillators. Chem. Eng. J. 313, 

1364–1369. doi:10.1016/J.CEJ.2016.11.056 
Truesdell, R.A., Bartsch, J.W., Buranda, T., Sklar, L.A., Mammoli, A.A., 2005. Direct measurement of mixing 

quality in a pulsatile flow micromixer. Exp. Fluids 39, 819–827. doi:10.1007/s00348-005-0015-7 
Yang, Z., Goto, H., Matsumoto, M., Maeda, R., 2000. Active micromixer for microfluidic systems using lead-

zirconate-titanate(PZT)-generated ultrasonic vibration. Electrophoresis 21, 116–119. doi:10.1002/(SICI)1522-
2683(20000101)21:1<116::AID-ELPS116>3.0.CO;2-Y 

Yu, S., Jeon, T.-J., Kim, S.M., 2012. Active micromixer using electrokinetic effects in the micro/nanochannel 
junction. Chem. Eng. J. 197, 289–294. doi:10.1016/J.CEJ.2012.05.044 

 

Required backgrounds and skills 
Backgrounds:  
Fluid mechanics, Numerical methods, Dynamics and control 
Computing Skills: 
Pre-knowledge of ANSYS can greatly help 
Other requirements:  
 


